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COMPARISON OF CALCULATED RADIOCHEMICAL CROSS SECTIONS 
WITH EXPERIMENTfSL FEXL,TS FOR INCIDENT PROTONS 

AND fi-MESONS I N  THE 50- TO 400-MeV REGION: 
EFFECT OF VAHYING A FEN NUCLEAR PARAMETERS 

I N  THE CALCULATIONS*~** 

Hugo W. Bertini  

Abstract 

Comparisons are made between theoret ical  predictions 
and experimental data f o r  several (p ,xpp)  reactions in- 
volving C, Al, Cu, and U and f o r  the (fi-,fi-n) reaction i n  
carbon. Interaction energies range from about 50 t o  400 
MeV. The theoret ical  model employs the two-step cascade- 
evaporation mechanism and includes the e f fec t  of the dif-  
fuse nuclear surface. The comparisons f o r  the proton- 
in i t i a t ed  reactions indicate t h a t  agreement t o  within 
about 4% cacn be expected when the reaction cross section 
is  about 100 mb, but the values can d i f f e r  by factors  of 
5 or more when the cross section i s  about 10 mb. The 
agreement f o r  the (fi-,fi-n) reaction on carbon was f a i r .  
This reaction can be used for the measurement of the r ea l  
par t  of the optical-model potential, and the method f o r  
doing so  is  described. The e f fec ts  of the diffuse nuclear 
surface i n  conjunction with changes i n  the nuclear radius 
on the (p,pn) reaction are  discussed. Finally, resu l t s  are 
given f o r  the dependence of the (p,xpyn) cross sections on 
the t rans i t ion  energy used in the calculation between the 
cascade and evaporation processes. A tabulation of cal-  
culated and experimental cross sections, which includes 
all those used i n  t h i s  study, i s  attached as an appendix. 

I. Introduction 

Four aspects re la ted t o  the prediction of radiochemical cross sec- 

t i ons  w i l l  be discussed i n  this paper. The f i r s t  i s  the accuracy of the 

calculated (p, xpyn) cross sections when the cascade-evaporation model is  

employed. The 

second is  the relationship between the nuclear s ize  and density d i s t r i -  

but ion t o  the  predicted (p,pn) cross section i n  carbon. The t h i r d  i s  a 

discussion of the 12C(fi-,fi-n)11C reaction i n  the 50- t o  300-MeV energy 

The energy range considered i s  from about 50 t o  400 MeV. 

*Research pa r t i a l ly  sponsored by the National Aeronautics and Space 
Administration under Order No. 104(1). 

publication. 
%is report, without the appendix, has been submitted for  journal 
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region, which includes a comparison with experiment and a possible rami- 

f icat ion at t r ibutable  t o  the energy dependence of t h i s  cross section. 

The fourth is  the e f fec t  of the theoret ical  t rans i t ion  energy between 

the cascade and the evaporation on the calculated cross sections. 

The two-step cascade-evaporation mechanism i s  employed i n  the 

theoret ical  calculation of these cross sections. The de ta i l s  are  given 

elsewhere The most important difference between these calculations 

and those undertaken previously2 is t ha t  a diffuse nuclear surface i s  

included. 

modified3 from tha t  used i n  the previous w0rk.l The pertinent modifi- 

cation i s  the inclusion of recently published binding energies4 i n  the 

program. 

The evaporation program t h a t  w a s  used i n  t h i s  report w a s  

11. (p,xpyn) Reactions 

The (p,xpyn) reactions tha t  were selected t o  t e s t  the accuracy of 

the calculations were those i n  which x and y were small, t ha t  i s ,  one 

o r  so, and those i n  which they were re la t ive ly  large.  

selected span the periodic table.  

an energy dependence could be determined. 

The ta rge ts  

Those reactions were used f o r  which 

Much of the e a r l i e r  experimental cross-section data  have been com- 

pi led and renormalized by Bruninx .  I n  some of the figures discussed 

below, h i s  CERN reports5 are c i ted  rather  than those of the or ig ina l  

workers i n  order t o  make comparisons w i t h  data  t h a t  are  consistently 

normalized t o  the monitor reaction, 27Al(p, 3 ~ n ) ~ ~ N a .  

w a s  a wide variation i n  the monitor values a t  the time the ear ly  work 

was performed. 

The comparison between the experimental data and theore t ica l  pre- 

dictions are i l l u s t r a t ed  i n  Figs. 1 through 8. 
i n  Fig. 8 f o r  the (p,3p9n) reaction i n  uranium i s  misleading. 

the reactions i n  heavy elements resu l t  from f i ss ion ,  which is  not taken 

into account i n  the cdcula t ion .  

action cross sections i n  t h i s  m a s s  region can be i n  considerable error .  

There apparently 

The agreement i l l u s t r a t e d  

Many of 

Therefore, many of the predicted re- 

On the basis  of Figs. 1 through 8, however, one can say t h a t  i n  

general the predictions from the calculation w i l l  be within about 40% 



3 

of the measured reaction cross sections when the cross sections them- 

selves are  about 100 mb, but they may d i f f e r  from the measured values 

by factors of 5 o r  more when the cross sec'lions are  about 10 mb or 

smaller. 
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111. Effect of Nuclear Size and Density Distribution 
on the (p,pn) Cross Section of a Light Element 

The discrepancies observed6 between experiment and the calcula- 
tions of Metropolis et al.2 were attributed to the lack of a diffuse 
nuclear surface in the nuclear model used in the calculations. This 
effect has been investigated for medium- and heavyweight elements,l 
and the investigation will now be extended to a lightweight element, 
carbon. 

All but one of the nuclear radii and density distributions that 
were used are illustrated in Fig. 9, and the results for all of the 

distributions are given in Table 1. The small-radius, uniform density 

distribution is that employed by Metropolis et al.2 

square (rms) radius,, uniform density distribution (not illustrated), 
with a radius of 3.58 F, has the same rms radius as Hofstadter's curve 

illustrated in Fig. 9. The configuration with the medium-radius, non- 
uniform density distribution best approximates Hofstadter's distribution; 
that is, it accounts for the diffuse nuclear surface, and it is the one 
used in all cases where the configuration is not specified. Hence, the 

configurations with the medium-radius, nonuniform distribution and rms, 
uniform distribution have essentially the same rms radius. 

The root-mean- 

The discrepancies between the results using the small-radius nu- 
clear configurations and experiment are considerably reduced by the use 

of the medium-radius, nonuniform configuration. The results from the 
rms-radius, uniform configuration are significantly smaller than those 

using the medium-radius, nonuniform configuration, but not as small as 
those from the small-radius, uniform configuration. 

An examination of the data in Table 1 reveals that the discrepancy 
can be reduced by simply increasing the size of the nucleus while keeping 

the density distribution uniform; therefore, it is difficult to attribute 
the reduction of the discrepancy solely to the diffuseness of the nuclear 

surf ace. 
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Fig. 9. Various Nucleon Density Distributions Assumed for the 
Carbon Nucleus; (a) S m a l l  Nuclear Radius, (11) Medium Nuclear Radius, 
(c) Large Nuclear Radius. 
- 28, 214 (1956). 1 

[For Hofstadter's c m e  see Rev. Mod. Phys. 
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IV. The 12C(x',fi-n)11C Reaction 

The 12C(x-,x-n)11C reaction cross section was c a c d a t e d  f o r  sev- 

e r a l  pion energies, and the r e su l t s  are compared with experiment i n  

Fig. 10. 

those f o r  the standard configuration i s  fair. 

provement over the resu l t s  using the small-radius configurations. 

The general agreement between the experimental results and 

There is  s ignif icant  im- 

These d a t a  are in te res t ing  because it may be possible t o  determine 

the r ea l  part of the optical-model potent ia l  by t h e i r  use. 

is as follows: the shape of the cross-section curve has a peak at  an 

energy i n  the v ic in i ty  of the energy of the peak of the free-par t ic le  

x+ + p (or K- + n) cross section. 

1 2 C  (x-, n-n)llC reaction occurs predominantly through the  d i rec t  in te r -  

action of the incident x- with a loosely bound neutron followed by the 

subsequent emission of both the pion and the neutron without fur ther  

col l is ions.  

must escape without fur ther  coll isions,  because both conditions cause 

the excitation energy of the residual nucleus t o  be s m a l l .  

nucleus must be l e f t  with l i t t l e  excitation energy a f t e r  the pion and 

neutron escape; otherwise, it wi l l  evaporate a pa r t i c l e  and the f i n a l  

nucleus w i l l  not be l l C .  

The reason 

This strongly implies that the 

The neutron must be loosely bound and the pion and neutron 

The residual 

Assuming tha t  the reaction is  dominated by t h i s  d i r ec t  %nockout" 

process, one would expect the reaction t o  occur with the  greatest  proba- 

b i l i t y  at  an interaction energy t h a t  corresponds t o  the peak i n  the  

free-particle YI- + n (i.e.,  n+ + p) cross section (about 190 MeV). 

the optical-model potent ia l  i s  real ,  negative, and about 25 MeV as 

analysis indicates,8 then i n  order fo r  the interact ion energy t o  average 

about 190 MeV the incident pa r t i c l e  energy must be about 165 MeV, since 

the pion w i l l  gain energy as it enters  the nucleus, where it experiences 

the e f fec t  of the nuclear forces. 

If 

The trend i n  t h i s  direct ion for  the calculated data  which include 

the  potential  f o r  pions i s  v i s ib l e  i n  Fig. 10. The er rors  associated 

w i t h  the  experimental data a re  too large t o  allow the peak i n  the cross 

section t o  be located w i t h  suf f ic ien t  accuracy t o  determine the strength 

of the potential. However, other experiments m i g h t  be performed with 

th i s  as a goal  which could corroborate the  optical-model analysis using 
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a completely different  reaction. 

experiments from about 10 t o  5% or  l e s s  should be suff ic ient .  

An increase i n  the accuracy of the 

The calculated cross section for  the 12C(n+,nN)11C reaction is 

i l l u s t r a t ed  i n  Fig. 10 also.  It is  smaller than the calculated 

1 2 C (  n',.lc-n)llC reaction by factors  t ha t  are en t i re ly  consistent with 

the d i rec t  knockout assumption; t ha t  i s ,  the cross sections for  these 

reactions are reflections of the n-nucleon free-par t ic le  cross sections. 

Hence, these very detailed cascade-plus-evaporation calculations confirm 

the results obtained from the crude method employed by Wilkinson and 

shed no l ight  on the anomolous experimental behavior of these cross 

 section^;^ tha t  i s ,  the measurements indicate tha t  they have the same 

values. 

V. Energy of Transition from Cascade t o  Evaporation 

One of the most a rb i t ra ry  decisions tha t  must be made i n  the cas- 

cade-evaporation calculations i s  the determination of the t rans i t ion  

energy separating the  cascade phase from the evaporation. 

i s  usually taken t o  be about the s ize  of the Coulomb potent ia l  a t  the 

surface of the nucleus.lr2 However, at  these energies the de Broglie 

wavelength is about 1 F, the same s i ze  as the internucleon distances 

within the nucleus, and therefore one i s  well beyond the  l i m i t s  of 

va l id i ty  of the cascade calculation. 

This energy 

The results from an investigation of the e f f ec t s  of a variation of 

t h i s  t rans i t ion  energy, or cascade cutoff energy, on the  radiochemical 

cross sections are i l l u s t r a t ed  i n  Tables 2 through 5 .  A s  expected, the 

calculated (p,pn) cross sections generally decrease with increasing 

cutoff energy, but there i s  no trend c lear ly  v i s ib l e  i n  the reactions 

i n  which many par t ic les  are emitted. 

may be masked by the poor s t a t i s t i c s .  

f o r  the reactions considered the most consistent agreement i s  obtained 

using the cutoff energies of 10 MeV or less, t h a t  is, about the s ize  of 

the Coulomb potential .  

I n  the  l a t t e r  cases the trends 

It i s  in te res t ing  t o  note t h a t  
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Appendix 

This appendix presents a tabulation of available experimental cross 

sections With which the  calculations could be compared, as well as the 

calculated cross sections themselves. Those data  fo r  which some de- 

pendence could be determined were used as  a bas is  f o r  the  conclusions 

presented i n  the  t e x t .  

The nmbers given i n  parentheses i n  column 5 were obtained with a 

version of the evaporation code t h a t  is d i f fe ren t  from t h a t  described i n  

the t ex t .  This version i s  described i n  ref .  1 below. It d i f f e r s  from 

the one described i n  the t e x t  i n  t h a t  estimated masses (par t icu lar ly  f o r  

N o r  Z 5 10) were used rather  than measured masses, and 8Be breakup w a s  

not included. The estimated masses compared qui te  well with the  meas- 

ured masses;2 therefore the difference between these versions i s  qui te  

s m a l l  f o r  A > 8. All other values i n  this c o l m  were obtained with 

the unmodified ~ e r s i o n . ~  
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INC. 
P ART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET 
N UC L E  U S 

RES I DUAL 
NUCLEUS 

ENERGY 
( H E V  ) 

150.0 
155.0 
350.0 
352.0 

20.7 
21. I 
25.0 
50.0 
50.5 

100.0 
100.0 
150.0 
150.0 
150.0 
200.0 
202.0 
250.0 
252 .0  
300.0 
302 0 
350.0 
383.0 
400.0 
420.0 
150.0 
155.0 
350.0 

400.0 
420.0 
200.0 
220.0 
100.0 
150.0 
200.0 
208.0 

365.0 

400.0 
340.0 
350.0 
150.0 

25.0 
50.0 

I O O . 0  
150.0 
400.0 

2 5 * 0  
50.0 

100.0 
150.0 
400.0 
420.0 

155.0 

SIGMA ( M a )  
c 4L  cu L 4 1  E c EXPERIMENT 

0.91 

0.71 

112.0 ( 96.0 1 
76.0 ( 70.0 1 

52.0 ( 48.0 I 

52.0 ( 49.0 

48.0 ( 45.0 

45.0 ( 44.0 ) 

41.0 ( 39.0 ) 

43.0 ( 43.0 ) 

46.0 ( 43.0 ) 

1.6 ( 2.2 1 

0.77 t 2.5 ) 

0.31 ( 3.7 1 

2.8 ( 1.9 1 

4.8 ( 2.9 ) 
5.4 ( 2.6 1 
4.8 ( 1.4 ) 

3.56 ( 0.93 ) 
3.7 ( 1.6 ) 

3.9 ( 1-6 1 

0.46 ( 0.31 1 
2.9 

56 -0 
37 -0 
33 -0 
26 -0 
27 -0 -- 9-4 
12.0 
8. I 
7.3 
6.4 

e.e + 0.5 

12.0 t 0.48 
3e.C t 1.3 
32.9 t 1.1 

ec.c + 5.0 
E6.4 t 2.6 

61.C 
t2.0 
43.0 
45.c 

46.2 t 1.4 

38.3 

30.3 

34.7 
36.t t C.7 

31.6 + I . C I  

31.2 + 2.8 

2.6 t 0.3 

3.55 

3.30 

l e e  + 0.6 
15.c 
I C . 5  

6.8 t I . C 5  
IC.3 t 0.7 

e.3 
9.6 t 0.7 

c.7c t c.2c 

0.C75 t C - C I  
4C.O 
22.0 
12.0 
e.c 
5 .6  
L3.r: 
IE.5 
17.2 
16.3 

22.6 

R E F  

i 

2 
3 
3 

1 

6 

6 

B 
5 
5 

9 
I O  

2 
I O  

6 

1 
I I  
4 
4 
4 
6 
Q 
4 
4 
4 

6 
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INC. 
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET 
NUCLEUS 

RES I OUA L 
NU(: LEUS 

ENERGY 
I MEV 1 

150.0 
155.0 
150.0 
155.0 
340.0 
350.0 

25.0 
50.0 

100.0 
150.0 
350.0 
362.0 
400.0 
420.0 
150.0 
155.0 
25.0 
25.0 
50.0 

100.0 
150.0 
150.0 
350.0 
362 0 
400.0 
420.0 
420.0 

25.0 
35.0 
50.0 
51 .o 
95.0 

100.0 
150.0 
350.0 
362.0 

420.0 
420.0 
150.0 
155.0 
400.0 
420.0 

50.0 
52.0 
100.0 
110.0 
150.0 
200.0 
209.0 
297.0 
300.0 

400.0 

396.0 

150.0 
boo. n 

S I G M A  ( M a )  
CALCULATE 0 EXPER I M E N T  

0.65 

1.5 

0.33 
128 -0 
68 .O 

54.90 
55 .o 
40 -0 

48 -0 

3.9 

0.68 

I I .o 
5.80 
4.60 

5.5 

3.8 

0. I 7  

4.6 

4.4 
2.5 
3.4 

2.9 

0.51 

0. I 7  

0.68 

0.85 

0.85 
0.34 

0.51 

0.34 
0. I 7  

1.6 + C.3 

6.5 + 1.C 
0.55 t 0.16 

2 5 . 0  
69.0 
59.0 
42.C 

2c.2 + 2.c2 

3c.7 

c.9 t 0.1 
19.0 

3.5 
5.c 
5.c 
4.5 

1.0 + 0.41 

1e.c 

14 .C  + 3.5 
6.5 

2.5 + 0.B 

13.C + 0.7 
15.2 + C.7 

1 1 . 5  + C.5 

13.6 + 1.632 

31.0 t 7.75 
8.4 

1.0 + 0.2 

6. I 

2.0 + 0.5 

5.0 + 1.2 
3.e + 1.c 

4.89 + 1.22 
6.54 t 1.63 

7.47 + l .@7 

REF 

I 

I 
6 

12 
4 
4 
4 

2 

6 

I 
4 

12 
r, 
4 
4 

I 2  

2 

6 
6 

12 

12 
12 

12 

2 

6 
6 

I 

6 

12 

12 
12 

9 
9 

9 
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P A R T  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGE T 
N U C L E U S  

01 16, 8)  
O( 161 81 
O( 16, 81  
O( 16,  8 )  

A L (  27, 13)  
A L (  271 131 
A L (  27, 131 
A L (  27, 131 
A L (  27, 13) 
A L (  27, 131 
A L (  271 131 
A L (  27, 13)  
A L (  27, 13)  
A L I  27, 131 
A L (  271 13)  
A L (  27. 13)  
A L (  271 13)  
A L (  27, 131 
A L I  27, 13)  
A L (  27. I 3 1  
A L (  271 131 
A L (  271 131 
A L I  27, 131 
A L (  27s 13)  
A L (  27, 13)  
A L (  27, 131 
A L I  271 13)  
A L I  271 13)  
A L (  27, 131 
A L (  271 13)  
A L (  271 131 
A L (  27, 13)  
A L (  271 13)  
A L (  27, 131 
A L (  27, 131 
A L (  271 131 
A L I  27, 131 
A L (  27. 131 
A L (  27, 13)  
A L (  27, 13)  
A L (  27, 131 
A L (  27, 13)  
A L (  27, 13) 
A L (  27. 131 
A L (  271 13) 
A L (  27, 131 
A L (  27, 131 
A L (  27. 13) 
A L I  271 13) 
A L (  27, 131 
A L (  271 131 
A L I  27, 131 
A L (  271 13) 
A L I  27, 13)  
A L (  27s 131 

R E S 1  D U A L  
NUC L E  US 
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ENERGY 
( H E V I  

156.0 
150.0 
155.0 
156.0 
130.0 
150.0 
200.0 
240.n 
250.0 
280.0 
300.0 
320.0 
380.0 
400.0 

25.0 
37.4 
50.0 
50.1 
50.6 

100.0 
150.0 
150.0 
200.0 
200.0 
250.0 
300.0 
300.0 

350.0 
400.0 
150.0 
155.0 

25.0 
29.7 
50.0 
50. I 
50.6 

100.0 
150.0 
335.0 
350.0 
100.0 
200.0 
202.0 
250.0 
259.0 
294.0 

342 . D 
342.0 
350.0 

410.0 
400.0 

350.0 

300.0 

400 0 

410.0 

CAL CUL ATEC 

0.68 

0.0 ( 0.0 I 
0.0 ( 0.0 I 

0.0 ( 0.0 ) 

0.0 ( 0.0 I 

0.0 ( 0.0 ) 
0.0 ( 0.0 ) 

9.5 ( 12.0 1 

6.8 ( 9.7 I 
3.3 ( 7.8 1 

3.5 ( 6.8 1 

4.1 ( 8.6 I 
3.3 ( 8.2 I 

3.9 ( 11.0 I 

3.7 ( 9.5 I 
28.0 t 41 .o I 

0.0 ( 0.0 1 

13.0 ( 18.0 I 

40.0 ( 45.0 I 
23.0 ( 30.0 1 

21.0 ( 26.0 I 
2.06 

I .7 ( 3.9 I 

1.4 ( 4.3 I 

1.6 I 3.3 1 

2.9 ( 5.6 I 
2.5 ( 4.9 I 

0.2 ( 1.0 1 

S I G M A  ( M B l  
EXP ER I H E N l  

14.0 

12.t + 4.0 
9.8 + 1.4 

C.C86 + O.CC4 

0.081 + .c4c 
C.CF4 + .c03 

C.143 + C.CC7 

C.155 + .CC12 
0.164 +.Cl6 

0.8 + 0.2 
1-52 

6.1 + 0.2 
6.5 + G.2 

IC.8 
9.2 
9.6 
9 .  I 
9.2 
9.9 
11.0 
11.2 
11.2 

11.1 + c.2 
11.3 

23.0 

2.4 + 0.2 

38.4 + 1.c 
36.4 + 3.6 

21.5 
1e.o 
13.6 

7.c 

5.38 

5 . E S  
6 .18  

6.46 
6 . 8  + 0.68 

7.2 + -72  

C.78 

R E F  

13 

IrC 
13 
15 

15 
15 

15 

15 
15 

3 
6 
3 
3 
5 
6 
5 

16 
6 
6 

16 
6 
6 
6 

16 

17 

3 

3 
3 
5 
5 
b 

6 

6 
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INC.  TARGET RES I D U A L  ENERGY S I G M A  ( M E )  
P A R T  NUCLEUS NUCLEUS ( MEV I CALCULATE c E X P E R I M E N T  

P AL( 2 7 ,  1 3 )  C( I l r  6 )  
P A L (  2 7 ,  1 3 )  C( I l r  6 )  
P A L (  2 7 1  1 3 )  C (  I l r  6) 
P A L (  2 7 ,  1 3 )  C (  I l r  6 )  
P A L (  2 7 ,  1 3 )  eE(  7 ,  4 )  
P A L (  2 7 .  1 3 )  e E (  7 ,  4 )  
P C R (  5 0 ,  2 4 )  C R (  491  2 4 )  
P C R (  5 0 ,  2 4 )  C R (  491  2 4 )  
P C R (  5 2 ,  2 4 )  MN(  5 2 ,  2 5 )  
P C R (  5 2 ,  2 4 )  MN( 5 2 ,  2 5 )  
P C R (  5 2 1  2 4 )  MN( 521  2 5 )  
P C R (  5 2 ,  2 4 )  MN( 5 2 ,  2 5 )  
P C R (  5 2 ,  2 4 )  MN( 5 2 ,  251 
P C R (  5 2 1  2 4 )  MN( 5 2 ,  2 5 )  
P C R (  5 2 .  2 4 )  MN( 5 1 1  2 5 )  
P C R (  529 2 4 )  MN( 5 1 ,  2 5 )  
P C R (  5 2 ,  2 4 )  MN( 5 1 .  2 5 )  
P C R (  5 2 ,  2 4 )  MN( 5 1 1  2 5 )  
P C R (  5 2 1  2 4 )  C R (  5 1 ,  2 4 )  
P C R (  5 2 ;  2 4 )  C R (  511  2 4 )  
P C R (  5 2 ,  2 4 )  C R (  491  2 4 )  
P C R (  5 2 ,  24)  C R (  4 9 ,  2 4 )  
P C R (  5 2 ,  2 4 )  C R (  4 9 ,  2 4 )  
P C R (  521  2 4 )  C R (  4 9 ,  2 4 )  
P F E (  5 4 1  2 6 )  F E (  5 3 ,  2 6 )  
P F E (  5 4 ,  26)  F E (  5 3 1  2 6 )  
P F E (  5 6 1  2 6 )  CO( 5 6 1  2 7 )  
P F E (  5 6 ,  2 6 )  C O (  561 2 7 )  
P FE(  5 6 ,  2 6 )  CO( 5 6 ,  2 7 )  
P F E (  5 6 ,  2 6 )  CO( 5 6 ,  2 7 )  
P F E (  561 2 6 )  C O I  5 6 ,  2 7 )  
P F E (  5 6 ,  261 C O (  5 6 ,  2 7 )  
P F E (  5 6 ,  2 6 )  CO( 5 6 ,  2 7 )  
P F f (  561 2 6 )  CO( 5 6 1  2 7 )  
P F E (  5 6 ,  2 6 )  C O (  5 6 ,  2 7 )  
P F E (  5 6 ,  2 6 )  C O (  5 5 1  2 7 )  
P F k (  5 6 ,  2 6 )  C O (  551  2 7 )  
P F E (  56s 26) CO( 551  2 7 )  
P F E (  561 2 6 )  CO( 5 5 ,  2 7 )  
P F € (  561 2 6 )  C O (  5 5 ,  2 7 )  
P F E (  5 6 ,  2 6 )  CO( 551 2 7 )  
P F E (  5 6 ,  26)  CO( 5 5 ,  2 7 )  
P F E (  561 2 6 )  C O (  5 5 1  2 7 )  
P F E I  5 6 ,  2 6 )  F E (  5 5 ,  2 6 )  
P F € (  5 6 ,  2 6 )  F E (  5 5 1  2 6 )  
P F E (  561  2 6 )  F E (  5 5 1  2 6 )  
P F E (  56s 2 6 )  F E (  5 5 ,  2 6 )  
P F E (  5 6 ,  2 6 )  F E (  551  2 6 )  
P FE(  5 6 ,  2 6 )  F E (  531  261 
P F E (  5 6 ,  2 6 )  F E (  531  2 6 )  
P F E (  5 6 ,  2 6 )  F E I  539  2 6 )  
P F E (  5 6 ,  2 6 )  F E (  5 2 ,  2 6 )  
P F E (  5 6 1  2 6 )  F E I  5 2 ,  2 6 )  
P F E (  5 6 ,  26) F E (  5 2 1  2 6 )  
P F E (  5 6 ,  2 6 )  F E I  5 2 1  2 6 )  

3 3 5 . 0  

400.0 
3 5 0 . 0  

410.0 
3 3 5 . 0  
3 5 0 . 0  
3 5 0 . 0  
3 7 0 . 0  
150.0 

3 5 0 . 0  
3 7 0 . 0  
3 7 0 . 0  

3 5 0 . 0  

1 5 5 . 0  

3 7 0 . 0  

370 .0  
3 7 0 . 0  
3 7 0 . 0  
3 5 0 . 0  
3 7 0 . 0  
3 5 0 . 0  
3 7 0 . 0  
3 7 0 . 0  
3 7 0 . 0  
400.0 
400.0 
100.0 
150.0 
200.0  
3 4 0 . 0  
3 7 0 . 0  
3 7 0 . 0  
3 7 0 . 0  
3 7 0 . 0  
400. 0 
100.0 
1 5 0 . 0  
200.0  
3 7 0 . 0  
3 7 0 . 0  
370 .0  
3 7 0 . 0  
400.0 
100.0 
150.0 
2 0 0 . 0  
3 7 0 . 0  
400.0 
100.0 
150.0 
2 0 0 . 0  
100.0 
150.0 
2 0 0 . 0  
3 4 0 -  0 

0.0 ( 0.0 
0.4 

0.0 ( 0.0 
13.0 

20  .o 

9 . 3  

3.32 

60.47 

12.63 

5 .  t4 

19.18 

9.59 

6.51 
8.91 

5 .  I 4  

3.77 
111.67 

9 5 . 5 7  

7 8 .  I O  
I I .99 

8.56 
2.40 

1 - 3 7  

2 .  I 

3.c 
1.6 

48 .2  4 2 . 9  

3 .9  t 0.6 

I .43 
1 - 9 6  

1.45 + 0.1C 

C.86 
c.ec 

0 .83  + 0.07 

59 .2  t 4 . 5  

5.6 
6.2 

5 .9  t 0.6 
4e.O 
45 .0  

1.6 4 0.3 

c.24 
.91 
.95 
.9c 

.92 + 0.06  

1.7 t 0.4 

C . 7 6  
c .79  
t - 7 6  

.77 4 0.C8 

I 1 C . C  t 1c.c 

63.9 + 3.8 

3C.t + 2 .c  

5.2 t 1 . 4  

C.68 

REF 

6 

6 
6 

I, 

6 
18 
18 
I 8  
18 

4 

18 
18 
18 
i e  

4 

i e  

4 

4 

6 
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INC. TARGE T RE 5 I D U A L  ENERGY 
P A R T  N U C L E U S  NUCLEUS ( M E V )  

P FE( 56, 26) F E (  52 ,  2 6 )  
P F E (  56, 2 6 )  MN( 5 6 ,  25) 
P F E (  5 6 ,  26) MN( 5 6 ,  251 
P F E (  56, 2 6 )  MN( 5 6 ,  2 5 )  
P FE( 5 6 ,  26) MN( 5 6 ,  2 5 )  
P F E (  5 6 .  26) MN( 5 6 ,  25)  
P F E (  5 6 ,  261 MN( 54,  25 )  
P F E (  5 6 ,  2 6 )  MN( 549 25)  
P F E (  5 6 ,  2 6 )  MN( 54, 25) 
P FE1 56. 2 6 )  MN( 549 251 
P F E (  56, 2 6 )  MN( 54, 25)  
P F E (  5 6 ,  26) MN( 52 ,  25) 
P F E (  5 6 ,  2 6 )  MN( 52, 2 5 )  
P F E (  5 6 ,  26) MN( 52, 251 
P F E (  5 6 ,  2 6 )  MN(  52, 2 5 )  
P F E (  5 6 ,  2 6 )  MN( 5 2 ,  25)  
P F E (  5 6 ,  26) MN( 51 ,  25 )  
P FE( 56.  26) MN( 5 1 s  25 )  
P F E (  5 6 ,  26) MN( 5 1 s  251 
P F E (  5 6 ,  2 6 )  MN( 51 ,  25 )  
P F E (  5 6 ,  26) MN( 51 ,  25 )  
P F E (  5 6 .  2 6 )  C R (  51 ,  24) 
P F E (  56. 261 C R (  51,  24) 
P F E (  5 6 ,  26) C R (  5 1 ,  24)  
P F E (  56,  2 6 )  C R (  5 1 ,  24) 
P F E (  5 6 ,  26) C R (  S I ,  24) 
P F E (  5 6 ,  2 6 )  C R (  49, 24) 
P F E (  5 6 ,  2 6 )  C R (  49, 24) 
P F E (  56, 26)  C R (  491 24) 
P F E (  5 6 ,  2 6 )  C R (  491 24) 
P F E (  5 6 ,  26) C R (  49, 24) 
P F E (  5 6 ,  26) C R (  48, 24) 
P F E (  5 6 ,  26) C R (  489 24) 
P F E (  5 6 ,  2 6 )  C R (  489 24) 
P F E (  56, 2 6 )  C R (  48, 24) 
P F E (  5 6 ,  26) C R (  48, 24) 
P F E (  5 6 .  2 6 )  V (  491 23) 
P F E (  56 .  2 6 )  V (  499 23) 
P F E (  5 6 ,  26) V (  49, 23) 
P F E (  5 6 ,  2 6 )  V (  499 23) 
P F E (  5 6 ,  2 6 )  V (  491 23) 
P F E (  5 6 ,  2 6 )  V (  481 23) 
P F E (  5 6 ,  26) V (  481 23) 
P F E (  5 6 ,  2 6 )  V (  48, 23) 
P F E (  5 6 ,  26) V (  48, 23) 
P F E (  5 6 ,  261 V (  48, 231 
P F E (  5 6 ,  26) V (  471 23) 
P F E (  5 6 ,  261 V (  471 23) 
P F E (  5 6 ,  2 6 )  V (  471 23) 
P F E (  5 6 ,  26) V (  479 23) 
P F t t  5 6 ,  261 V I  471 23) 
P F E (  5 6 ,  26) T I (  45, 22) 
P F E (  5 6 ,  2 6 )  TI( 45, 22)  
P F E (  569 26) T I (  45, 2 2 )  
P F E (  56. 26) T I (  459 22)  

400.0 
100.0 
150.0 
200.0 
340.0 
COO. 0 
100.0 
( 5 0 . 0  
200.0 
340.0 
400.0 
I O O . 0  
150.0 
200 . 0 
340.0 
400.0 
100.0 
150.0 
200.0 
340.0 
400.0 
100.0 
150.0 
200.0 
340.0 
400.0 
100.0 
150.0 
200.0 
340.0 
400.0 
100.0 
150.0 
200.0 
340.0 
400.0 
100.0 
150.0 
200.0 
340.0 
400.0 
100.0 
150.0 
200.0 
340. 0 
400.0 
100.0 
150.0 
200.0 
340.0 
400.0 
100.0 
150.0 
200.0 
340.0 

S I G M A  ( M E )  
C AL CU L AT E 0 E X P E R I M E N T  

0.0 
0.0 

0.0 

0.0 
43.50 

44. I9 

41 .45 
72.28 

46.93 

31. I7 
24.32 

14-04 

7.88 
79.81 

46.24 

39.39 
6.85 

11.65 

10.96 
0.0 

0 .o 

0.34 
15.07 

22.95 

28.43 
I 1-30 

25.35 

36.99 
2.06 

8.56 

8.22 
0.0 

6.85 

G.7 + 0.2 

0.59 

36.0 + 16.C 

12.0 

4.c + 3.c 

12.9 

.e + 1.2 

4.c 

63.C + 19.C 

41 .C 

c .5  + 0.1 

c.ec 

33.c + 5.c 

31 -0 

15.C + 2.C 

IC.3 

5.9 + 

2.4 

4.5 + 

3 .1  

.F 

.c 

REF 

4 

6 

4 

6 

4 

6 

4 

6 

4 

6 

4 

6 

4 

6 

4 

6 

4 

6 

4 

6 

4 

6 
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SIGMA ( M B I  
CALCULATED EXPERIMENT 

R E F  INC. 
P A R T  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET 
NUCLEUS 

RE SI DUA L 
NUCLEUS 

ENERGY 
REV I 

T I (  459 221 
SC1 98, 211 
S C (  48, 211 
S C (  471 211 
S C (  4 7 ,  211 
S C I  4 7 ,  211 
S C (  4 7 ,  211 
S C (  4 7 ,  211  
S C (  46, 2 1 )  
S C (  46, 211 
S C (  46, 211 
S C (  46, 211 
SC(  46, 211 
S C (  44, 2 1 1  
S C (  44, 211 
SC(  44, 211 
S C (  44, 211 
S C (  44, 211 
S C (  43, 2 1 1  
S C t  43, 211 
S C (  43, 211 
S C (  , 211 
S C (  43, 211 
C A (  47, 201 
C A (  4 7 ,  2 0 )  
C A (  47, 20) 
C A (  47, 201 
C A (  4 7 ,  201 

C A (  459 201 
C A (  459 201 
C A (  45,  201 
C A (  4 5 ,  201 

K (  43, I91 

K (  43, I91 
K (  439 I91 

K (  4 2 ,  I91 
K (  4 2 ,  19) 
K (  4 2 ,  I91 
K (  C2r  I91 
K (  42, 19) 

C L (  391 1 7 )  
C L (  39, I71 
C L (  39, I7 
C L (  39, 17 
C L (  399 17 
C L (  389 17 
C L (  38, I 7  
C L (  349 I7 
C L (  34, I7  
C L (  34, 17 
C L (  34, I7 
C L (  341 I7  

C A (  45, 201 

K (  43, 191 

K (  53, I91 

400.0 
340.0 
400.0 
100.0 
I S O . 0  
200.0 
340.0 
400.0 
100.0 
150.0 
200.0 
340.0 
400.0 
100.0 
150.0 
200.0 
340.0 
400.0 
100.0 
150.0 
200.0 
340.0 
400.0 
100.0 
150.0 
200.0  
340.0 
400.0 
100.0 
150.0 
200.0 
340.0 
500.0 
100.0 
150.0 
200.0 
340.0 
500.0 
100.0 
150.0 
200.0 
340.0 
500.0 
100.0 
150.0 
200.0 
340.0 
500.0 
340.0 
400.0 
100.0 
150.0 
200.0 
340.0 
500.0 

5 .  I4 

0.0 
0.0 

1.37 

2.40 
0.34 

4.80 

5.82 
0.0 

9.59 

12.33 
0.0 

4.45 

7.54  
0 .o 

0.0 

0 .o 
0 .o 

0.0 

0.69 
0.0 

0.0 

0.69 
0.0 

0.34 

1.03 
0.0 

0.0 

0.0 

0.34 
0.0 

0 .o 

0.69 

FE( 5 6 ,  261 
FE( 5 6 ,  261 
FE( 5 6 ,  2 6 )  
FEt 5 6 ,  261 
FE( 5 6 ,  261 
F E (  5 6 ,  2 6 )  
FE( 56, 261 
FE( 5 6 ,  2 6 )  
FE( 5 6 ,  261 
FE( 5 6 ,  2 6 )  
FE( 5 6 ,  2 6 )  
FE(  5 6 ,  2 6 )  
FE( 5 6 ,  261 
FE( 5 6 ,  261 
FE( 5 6 ,  261 
FE(  5 6 ,  2 6 )  
FE( 5 6 ,  261 
FE(  5 6 ,  261 
FE( 56 ,  261 
F k (  5 6 ,  2 6 )  
FE( 56 ,  261 
FE( 5 6 ,  261 
FEt 56.  261 
FE( 5 6 ,  261 
FEl 5 6 ,  2 6 )  
FE( 5 6 ,  261 
FEI 5 6 ,  261 
FE( 56 ,  261 
FE(  5 6 ,  261 
FE( 5 6 ,  2 6 )  
FE( 5 6 ,  261 
FE( 5 6 ,  261 
FE( 5 6 ,  261 
FE( 5 6 ,  261 
FE( 5 6 ,  261 
FE( 5 6 ,  261 
FE(  5 6 ,  261 
FEt  5 6 ,  2 6 )  
FE( 5 6 ,  261 
FEt 5 6 ,  2 6 1  
FE( 5 6 ,  2 6 1  
F E (  56 ,  2 6 )  
FE( 5 6 ,  261 
FE(  56 ,  261 
FE( 5 6 ,  2 6 )  
F E (  5 6 ,  2 6  
FE( 5 6 ,  2 6  
FE( 56,  2 6  
FE( 5 6 ,  2 6  
FE( 5 6 ,  2 6  
FE( 5 6 ,  2 6  
FE( 5 6 ,  2 6  
FE( 5 6 ,  2 6  
FE( 5 6 ,  2 6  
FE( 56 ,  2 6  

0.45 6 

c.7 t c.2 

C.84 

4 

6 

3.0 t 0.6 

3.20 

4 

6 

5.9 t c.4 

2.60 

4 

6 

2.5 t 0.2 

2.c 

4 

6 

C.007 + 0.C02 

O.CC7 

4 

6 

0.36 t C.C6 

C.56 

4 

6 

0.11 + 0.C4 

c .4  

4 

6 

0.25 + CaC5 

c .7  

4 

6 

0 .024  t .CCe 

0.045 

C.17 

0.11 t C.03 

C.II 

4 

6 
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INC. 
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGE T 
NUCLEUS 

F E (  5 6 ,  2 6 )  
F E (  5 6 ,  261 
F E (  5 6 ,  2 6 )  
F E I  5 6 ,  2 6 )  
F E I  5 6 ,  2 6 )  
F E I  5 6 ,  261 
F E (  5 6 ,  2 6 )  
F E (  5 6 ,  2 6 )  
F E (  5 6 ,  26) 
F E (  5 6 ,  2 6 )  
F E (  5 6 ,  2 6 )  
F E (  5 6 ,  2 6 )  
F E (  5 6 ,  2 6 )  
F E (  56.  2 6 )  
F E (  5 6 ,  2 6 )  
F E I  5 6 ,  2 6 )  
F E (  56s 2 6 )  
F E (  5 6 ,  2 6 )  
F E I  5 6 ,  2 6 )  
FE(  5 6 ,  2 6 )  
F E I  5 6 s  2 6 )  
F E (  5 6 ,  2 6 )  
F E (  567 2 6 )  
F E I  5 6 ,  2 6 )  
F E (  5 6 ,  2 6 )  
F E (  5 6 ,  2 6 )  
F E I  5 6 ,  2 6 )  
FEI 5 6 ,  2 6 )  
F E I  5 6 ,  2 6 )  
F E I  5 6 ,  2 6 )  
F E (  5 6 ,  2 6 )  
F E I  5 6 ,  2 6 )  
F E (  5 6 ,  2 6 )  
F E I  5 6 ,  2 6 )  
F E I  5 6 ,  2 6 )  
F E (  5 6 ,  2 6 )  
F E (  5 6 ,  2 6 )  
F E (  5 6 ,  2 6 )  
F E I  5 6 ,  261 
F E I  5 6 ,  2 6 )  
C U I  6 5 ,  2 9 )  
C U I  6 5 ,  2 9 )  
C U (  6 5 ,  2 9 )  
C U (  6 5 ,  2 9 )  
C U (  6 5 ,  2 9 )  
C U (  6 5 ,  2 9 )  
C U (  6 5 ,  2 9 )  
C U I  6 5 ,  291 
C U (  6 5 ,  2 9 )  

C U I  6 5 ,  2 9 )  
C U (  6 5 ,  2 9 )  
C U (  6 5 ,  2 9 )  

C U I  6 5 ,  2 9 )  

C U (  6 5 ,  2 9 )  

C U (  6 5 ,  2 9 )  

RE SI D U A L  
N l K L E U S  

F (  
F l  
F l  
C (  
C (  
C (  

B E  I 
BE I 
BE 

S I (  3 1 ,  
S I 1  3 1 ,  
S I (  3 1 ,  
S I 1  3 1 ,  
S I (  3 1 ,  
M G (  2 8 .  
MG( 28,  
MG( 2 8 ,  
N A (  2 4 ,  
N A (  2 4 ,  
N A I  2 4 ,  
N A I  2 4 ,  
N A (  2 4 ,  
N A I  2 2 .  
N A I  221  
N A (  22 .  
N A (  2 2 ,  
N A (  2 2 ,  

81 
8 ,  
8 ,  
I1  

I t  
I ,  
7 ,  
7 ,  
7 .  

Z N (  65; 3 d i  
Z N (  6 5 1  3 0 )  
Z N I  6 5 ,  3 0 )  
Z N (  6 5 ,  3 0 )  

C U (  6 4 1  2 9 )  
C U I  6 4 ,  2 9 )  
C U (  6 4 ,  2 9 )  
C U (  6 4 ,  2 9 )  
C U I  649 2 9 )  
C U I  649 2 9 )  
C u t  64,  2 9 )  
C U (  64s  2 9 )  
C U I  6 4 1  2 9 )  
C U I  64 ,  2 9 )  

Z N (  6 5 ,  30) 

ENERGY 
( MEV ) 

100.0 
150.0 
200.0 
340 .0  
400.0 
100.0 
150.0 
200.0 
100.0 
150.0 
200.0 
340.0 
400.0 
100.0 
150.0 
200.0 
340.0 
400.0 
100.0 
150.0 
200.0 
I O D . 0  
150.0 
200.0 
340.0 
400.0 
100.0 
150.0 
200.0 
340.0 
400.0 
100.0 
150.0 
200.0 
100.0 
150.0 
200.0 
100.0 
150.0 
200.0 

45.0 
50.0 

100.0 
143.0 
150.0 

90.0 
100.0 
110.0 
I3C.O 
150.0 
168.0 
196.0 
200.0 
250.0 
263.0 

S I G M A  I M B )  
CALCULATE 0 E X P E R I M E N T  

0.0 

0.0 

0.34 
o .a 

0.0 
0.0 

0.0 

0.0 
0.0 

0.0 

0.0 
0.0 

0.0 
0.0 

0.0 

0.0 
0.0 

0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0 .o 

0.0 

38.28 
17.50 

15.7 

97.69 

93.32 

79.83 
0.0 

o. ie + C.CF 

C.23 

C.065 + 0.C32 

C.2 + 0.1 

0.  c44 

C.026 + 0.C13 

c.12 

C.005 + 0.CCI  

0.03 t 0.01 

c.c2 

0.04 + o.ci 

0.23 + 0.C3 

41.C t 6.C 

17.C + 3.C 
14.C t 2.C 

126.C + 32.C 

93.6 + 3.7 
74.6 + 2.9 

65.e t 2.6 
64.3 t 2.5 

55.c t 2.1 

R E F  

4 

6 

4 

4 

6 

4 

6 

4 

4 

6 

4 

6 

4 

4 

4 

i9 

19 
19 

20  

21 
21 

21 
21 

21 



INC. 
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET 
NUCLEUS 

RES I DUA L 
NUCLEUS 

32 

ENERGY 
(HEV 1 

280.0 
300.0 
330.0 
350.0 
370.0 
400.0 
400.0 
100.0 
200.0 
250.0 
300.0 
350.0 
400.0 
100.0 
200.0 
200.0 
250.0 
250.0 
300.0 
300.0 
350.0 
400.0 
400.0 

50.0 
60 .0  
6 0 . 0  
60.0 

100.0 
120.0 
120.0 
120.0 

50.0  
80.0 
80.0 
80.0 
50.0 
60.0 
00.0 
20.0 
50.0 
80.0 
80.0 
00.0 
80.0 
00.0 
80.0 
00.0 
80.0 
00.0 
80.0 
00.0 
80.0 
00.0 
50.0 
60.0 

SIGMA [ M e )  
C AL CU L AT E C EXP ER I H E N l  

64 -89 

67.07 

66.71 

0 .o 
0.0 
0 .o 
0 .o 
0.0 
0.0 
2.55 
6.93 

5.83 

2.92 

4.37 
4.74 

120.89 

88.31 

80.46 

10.99 

17.66 

24.73 

102.86 

70.40 

73.53 

79.39 

179.52 

69.0 

55.9 + 2.2 

58.6 + 3.3 
73.2: + 7.3 
67.C + 6.7 

C.CC6 
@.CC9 
c.c2 I 
0.c32 
0.056 
@.Cf8 
1.3 
I .9 
I .e 

I .5 
1.5 
I . 3  
1.4 
I .4  
I e 4  

59.c + 4.c 
66.C + 2.0 

125.C + 4.C 

55.c + 4.c 
7c.c + 5.0 

126.C + 6.0 

33.c + 3.c 
43.c + 2.0 
76.C + 4.0 

9.9 + 0.5 

7.2 + 0.4 

I .4 

12.3 + 0.6 

26.C + 26.C 

CC.C + 26.C 

5o.c + 7.c 

44.c + 1 I . C  

IC5.C + 16.C 
9.39 

123.49 
8.9 + 3.6 

114.c + 12.c 

REF 

6 

21 

18 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

22 
22 
22 

22 
22 
22 

22 
22 
22 

22 

22 

22 

23 

23 

23 

23 

23 

23 

24 
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INC. 
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET 
NUCLEUS 

C E (  
C E (  
CE(  
CE(  
CE( 
CE( 
CE( 
CE(  

42r 5 8 )  
421 58) 
429 58)  
429 58)  
421 58) 
42, 5 8 )  
429 5 8 )  
42, 58)  

RES I DUAL 
NUCLEUS 

CE(141 r 58) 
C E ( 1 4 l r  58) 
C E ( l 4 l r  581 
C E ( I 4 I r  581 
CE 
CE 
CE 
CE 
LA 
LA 
LA 
LA 
LA 
LA 
LA 
LA 
LA 
LA 

1 4 1 1  58) 
I 4 l t  581 
1 4 1 .  59) 
I 4 l r  58) 
1419 571 
141 r 5 7 )  
I 4 l r  5 7 )  
1411 57)  
I 4 l r  571 
1419 57) 
141r  57) 
1419 57) 
l 4 l r  571 
141 r 571 

TA(185r 731 
TA( l85 r  73) 
TA(185r 73) 
TA(185r 731 
TA(185r 73 )  
TA(185r 731 
HF(184r 72) 
HF(184r 72) 
HF(184r 72) 
HF(1841 721 
HF(184r 72) 
B I ( 2 0 5 r  83) 
B I ( 2 0 5 r  831 
B I ( 2 0 3 r  83) 
B I ( 2 0 3 r  83) 
81 (202, 83) 
B I (202 .  83) 
B I ( 2 O l r  83) 
B I (201 .  83) 
81 (200. 83) 
B I ( 2 0 0 r  83) 
G A (  739 31 
G A (  739 31 
G A (  729 31 
G A (  72, 31 
G A (  67. 31 
G A (  679 31 

P (  329 1 5  
P (  329 I S  

M G I  289 12 
M G I  281  12) 
NA( 2 k 1  I I )  
NA( 24s I I )  
PO(209. 84) 
P O ( 2 0 9 ~  84) 
PO(2081 84) 
PO(208r 84) 

ENERGY 
( MEV 1 

100.0 
120.0 
200.0 
233.0 
250.0 
350.0 
370.0 
400.0 

50.0 
60.0 
100.0 
120.0 
200.0 
233.0 
250.0 
350.0 
370.0 
400.0 
130.0 
150.0 
200.0 
210.0 
300.0 
400.0 
130.0 
150.0 
200.0 
210.0 
coo.0 

50.0 
52.5 
50.0 
52.5 
50.0 

50.0 

50.0 
63.8 

390.0 
400.0 
390.0 
400.0 
390.0 
400.0 

400. 0 
390.0 
400.0 
390.0 
400.0 

52.5 

52.5 

390.0 

135.0 
155.0 
135.0 
155.0 

CAL CULATEO 

100.70 

90.98 

91.33 
68.  I 5  

81.10 
9.41 

16-91 

27.60 

32.03 
41 -57 

36.80 

21 - 4 8  
27.87 

19.74 
39.48 

0.58 
1-55 

3.48 
73.27 

171 -09 

582.45 

410.54 

0 .o 

0 .o 
0.0 

0 .o 

0.0 

0 -0 

0.0 

18.50 

28.37 

S I G M A  ( M E )  
EXPERIMENT 

9E.2 + 17.C 
60.9 + 3.4 
65.5 + 3.e 

79.c + 7.9 
€6.2 + 1.6 

9.2 + 2.0 

I I . €  + 4.c 
15.5 + 6.0 
19.6 + 7.C 

2C.C + 2.3 
54.4 + 4.6 

2.90 + 0.48 

5.55 
5.48 

6.93 + 1.74 
6.243 + 0.C33 

0.144 + 0.CCI 

150.C + 22.5 

47C.C + 7C.5 

590.c + 88.5 

260.0 + 39.t 

lt3O.C + 27.t 

C.316 + 0.C65 

1.2 + C.36 

0.56 + 0.168 

C.Cl3 + C.CC39 

G.01 + Ci.CC3 

C . C C l  + c. tcc3 

0.c3 + C.CCF 

2c.c + 5.E 

37.t + 7.t 

REF 

2 4  
24 
24 

25  
23 

24 

24 
24 
24 

25 
23  
26 

26 
26 
26 
26 

26 
26 

23  

23 

23  

23 

23  
23 

23  

23 

23  

23 

23 

2 7  

2 7  
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INC. 
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET 
NUCLEUS 

R E S 1  DUAL 
NUCLEUS 

PO(2071 841 
PO(207r 84) 
PO(206, 841 
PO(206, 84)  

PO(206, 8 4 )  
PO(206r 84) 
PO(205r 840 
PO(205r 84) 
PO(2051 84) 
PO(205r 84) 
PO(205. 84) 
POt205, 84) 
PO(205, 64) 
PO(2051 84) 
PO(205r 84) 
PO(204r 84) 
PO(204, 84) 
PO(204, 84) 
PO(204, 84) 
PO(204, 84) 
PO(204, 84) 
PO(204, 84) 
PO(204, 8 4 )  
PO(204, 64) 
PO(204, 84) 
PO(204r 841 
PO(203r 8 4 )  
PO(203r 841 
PO(203r 8 4 )  
PO(203r 84) 
PO(2031 84)  
PO(2031 84) 
PO(203, 84 )  
PO(203, 84) 
PO(203, 84)  
PO(203r 84) 
PO(203, 841 
PO(203r 84) 
PO(203r 84)  
PO(202r 64) 
PO(202, 84)  
PO(2021 84) 
P01202, 84) 
PO(202, 84) 
PO(201r 64) 
PO(201, 84)  
PO(201, 841 
PO(2011 84)  
PO(2OOv 841 
PO(2001 84)  
PO(200, 641 
PO(200, 84) 
E I ( 2 0 7 r  83 )  
81 (201,  8 3 )  

PO(2b6, 84) 

ENERGY 
( H E V  t 

50.0 
50.4 

135.0 
155.0 
380.0 
400.0 
412.0 
50.0 
50.4 
59.7 
65.0 

135.0 
155.0 
380.0 
400.0 
412.0 

50.4 
65.0 
66.3 
74.9 
17.0 

135.0 
155.0 
380.0 
400.0 
412.0 

59.7 
65.0 
66.3 
14.9 
77.0 
79.9 
83.7 
90.0 

135.0 
155.0 

400.0 
412.0 
135.0 
155.0 
380.0 
400.0 
412.0 
135.0 
155.0 

50.0 

380.0 

380.0 
400 0 
135.0 
155.0 
380.0 
400.0 
380.0 
400.0 

S I G M A  ( M E )  
CAL CUL A T E C  EXPER IHENT 

REF 

104.24 

26.52 

9.65 

770.38 

131.38 

33.92 

I1  - 5 8  

210.33 

383.03 

148.65 

25.91 

8.36 

377.46 

270.16 

84.50 

33.92 

13.51 

30.22 

9.65 

28.37 

7 - 7 2  

38.86 

5.19 

45.02 

8G.C t 12.@ 
59.C + 6.@ 

7.7 t 5.6 

2.c 

e0c.c t 12c.c 
450.C t 67.5C 

72.5 t 1.5 

12.9 t 9.4 

c.4 

210.0 t 31.5C 

47C.O t 7C.5t 
45C.O t 61.5C 

71.5 + 3.5 

8.9 t 6.5 

I .6 
9C.O t 13.5 

39C.O t 58.5C 
49C.O + 73.5[: 

39c.c t 58.5 
36C.C t 54.C 

69.5 t 5.5 

12.5 t 9.1 

c.39 
71.C t 5.1: 

5.2 t 3.0 

C.78 
8C.C t 8.C 

13.3 t 9.7 

9c.c t 4.0 

I 0 . C  t 7.3 

15.7 t 3.6 

2 3  
2 7  

2 3  

2 3  

2 3  
23  

27  

23  

23  

23  

2 3  
23  

27  

2 3  

23  
2 3  

23  
23  

23  
2 3  

2 7  

23  

23  
27  

23  

23  
27 

23  

27  

2 3  

23  
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INC. 
P A R T  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET 
NUCLEUS 

8 1  
8 1  
B I  
6 1  
6 1  
8 1  
B I  
8 1  
8 1  
8 1  
B I  
8 1  
8 1  
8 1  
B I  
B I  
8 1  
8 1  
8 1  
B I  
B I  
B I  
8 1  
8 1  
8 1  
B I  
B I  
8 1  
8 1  
B I  
B I  
B I  
B I  
B I  
B I  
B I  
B I  
B I  
8 1  
B I  
B I  
B I  
8 1  
81 
B I  
B I  
B I  
B I  
B I  

2C9r 83)  

2C9, 831 
2C9r 83) 
2C9r 83) 
2C9r 831 
2C9r 83)  
2C9r 83) 
2C9, 83) 
2C9r 83) 
2C9, 83) 
2C9r 83) 
2C9, 83 )  
2C9, 83) 
2C9, 83) 
2C9r 83)  
2C9r 83) 
2C9, 83) 
2C91 83) 
2C91 83)  
2C91 83)  
2C91 83)  
2C91 83) 
2C9r 83) 
2C9, 83) 
2C9r 83)  
2C9, 83)  
2C9r 83)  
2C9r 83)  
2C9r 831 
2091 83)  
2C9r 83) 
2C9, 831 

2C91 83) 
2C9, 83) 
2C91 83 )  
2C9, 83)  
2C9r 83)  
209. 83)  
209. 83) 
2C9, 83)  
2C9, 83)  
2C9r 83) 
2C9, 83) 
2C9, 83) 
2C9, 83) 
2C9r 83)  
2C9, 83) 

2C9, 83) 

2C9, 83) 

RE SI DUAL 
NUCLEUS 

ENERGY 
( MEV ) 

412.0 
380.0 
400.0 
412.0 
380.0 
400.0 
412.0 
380.0 

412.0 
380.0 
400.0 
412.0 
380.0 
400.0 
412.0 
380.0 

380.0 
400.0 
380.0 
400.0 
380.0 

400.0 

400.0 

400.0 
400.0 
c 1 2 . 0  

50.0 
56.0 

380.0 
400.0 
412.0 
380.0 
400.0 

400.0 
380.0 

412.0 
380.0 
coo. 0 
380.0 
400.0 
380.0 
400.0 
400. 0 
412.0 
380.0 
400.0 
b12.0 
380.0 
400.0 

380.0 
400.0 

360.0 
400.0 

412.0 

412.0 

S I G M A  ( M e )  
CALCULATEC EXPERIMENT 

35.38 

34.09 

34.73 

30.23 

30.87 

28.94 

29.59 

2t.0 
49.3 + 5.9 

16.0 
5c.c + 7.c 

3.C 
37.1 + 3.2 

15.0 
47.6 + 7.6 

0.2 
55.8 + 9.4 

18.0 
49.6 + 4.4 

64.4 

69.6 
27 0 66 

25.73 
0.0 

10.49 

12.22 

14.15 

22.51 

22.51 

18.65 

31 -52 
0.64 

5.79 

4.50 

2.57 

2.57 

6C. I 

9.8 

2r.c + 1.0 
l 4 .C  + 2.7 

6.6 
29.5 + 6.6 

7.5 + 5.c 

13.7 
5.6 

26.9 

12.5 

1.6 
5.42 + 5.9 

c.33 
15.1 + 3.4 

2.c 
13.5 + 0.8 

I .c 
2.52 + 1.37 

REF 

23 
2 3  

2 3  
23 

23 
23  

2 3  
23  

23 
2 3  

23  
23 

2 3  

23 

23  

23  

28 
23 

23  
23  

2 3  

23  
23  

2 3  

23  

23 
23  

23  
23 

2 3  
23  

23 
23 



. . .  

36 

INC. 
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGE 7 
NUCLEUS 

B I  
8 1  
8 1  
8 1  
8 1  
8 1  
8 1  
8 1  
8 1  
8 1  
8 1  
8 1  
8 1  
B I  

RE 5 I DUA L 
N U :  LEUS 

TL 1 
TL ( 
TL ( 
TL ( 
TL ( 
HG ( 
HG ( 
HG ( 
HG ( 
HG ( 
HG ( 
HG ( 
HG 
HG ( 
HG ( 
HG ( 

ENERGY 
( MEV 1 

380.0 
400.0 
380.0 
400.0 
380.0 
b00.0 
380.0 
400.0 
380.0 
400.0 
380.0 
400.0 
380.0 
400.0 

400.0 
380.0 
400.0 

380.0 

380. 0 
400.0 
380.0 
400.0 
380.0 
400.0 
380.0 
400.0 
380.0 
400.0 
380.0 
400.0 
380.0 
400.0 
380.0 
400.0 

400.0 
380.0 
400.0 
380.0 
400. 0 

75.0 
77.0 

155.0 
184.0 
303.0 
400.0 

75.0 
77.0 

77.0 
90.0 

120.0 
155.0 
184.0 
373.0 

380.0 

75.0 

S I G M A  t M 8 1  
C AL CU L AT E D EXPERIMENT 

4.50 

10.93 

6.43 

1-29 

1-29 

0.0 

3.22 

5. I S  

5.15 

7.72 

9.00 

.64 

0.0 

0.0 

.64 

1-29 

.64 

0 .o 

0.0 

.64 

0.0 
0.0 

0 .o 

0 .o 

0.0 
0.0 

0.0 

25.8 t 3.2 

62.5 + 18.4 

62.3 + 15.2 

4.65 i 2.83 

3.89 t 1-87 

0 . 5 )  

7.c 

22.0 

21.9 

39.8 

I .c5 

0.46 t 0.07 

1.30 + 0.17 

0.6 t 0.6 

14.2 + 1.3 

17.0 

7.0 

16.8 

2C.8 

20. I 

6.0023 t O.COC69 

c.cc27 t O.COO81 
0.012 t O.CO36 

0.0028 t C.OCOG84 

C.CC06 t O . C O t l 8  

O.C@C@2 t O.OOC246 

C.OC26 t O.CCC78 
0.012 t O.CC36 

REF 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 
23 

23 

23 

23 

23 
23 
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INC. 
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

T A R G E T  
NUCLEUS 

RES1 DUAL 
NUCLEUS 

E N E R G Y  
( MEV 1 

COO. 0 
75.0 
77.0 
90.0 

120.0 
155.0 

373.0 
400.0 

75.0 
77.0 
90.0 

120.0 
155.0 

373.0 
400.0 

77.0 
90.0 

120.0 
155.0 

373.0 
400.0 

iac.0 

1ac.o 

75.0 

ia4 .0  

75.0 
77.0 
90.0 

120.0 
155.0 

373.0 
400.0 

75.0 
77.0 

I 84.0 

155.0 
192.0 
75.0 
77.0 
90.0 

120.0 
155.0 
184.0 
373.0 
400. 0 

75.0 
77.0 
55.0 
92.0 
75.0 
57.0 
90.0 
20.0 
55.0 
84.0 

SIGMA I M B )  REF 
EXP E R  I MEN 1 C AL CU L A T  E C 

0 .o 

0.0 
0.0 

0.0 

I ( 1 3 2 r  53)  
I ( I 3 0 1  531 
I ( l 3 0 r  531 
I ( l 3 0 r  531 
I ( 1 3 0 r  531 
I ( l 3 0 .  531 
I ( 1 3 0 r  53) 
11130. 53)  
I (13Or 531 
1 ( 1 2 a r  531 
1 ( 1 2 a r  531 
1(12a ,  531 

~ ( i z a ,  531 
1(12a1  53) 
1(12a .  531 

I (1289 531 

I ( 1 2 8 r  531 
If1269 531 
I t1261  531 
I ( 1 2 6 r  531 
I ( 1 2 6 r  531 
I ( 1 2 6 r  53)  
I ( 1 2 6 r  531 
I ( 1 2 6 r  531 
I t 1 2 6 1  531 
I (124r  531 
I ( 1 2 4 r  531 
I ( 1 2 4 ,  531 
I ( 1 2 4 ,  531 
I ( 1 2 4 ,  531 
I t1249 531 
I ( I 2 C r  531 
I ( 1 2 4 r  531 

S N ( 1 1 5 r  501 
SN(115r 501 
SN(115.  501 

O.tOC83 + O.GCC249 23  

c.oct7 + 0 . C C C S I  

c.cc40 + o.cc12 
C.C14 t O.CC42 

C.GO12 + C.CO036 

2 3  

2 3  
23  

2 3  

B I  
B I  
B I  
B I  
B I  
B 1  

B I  
B I  
8 1  
B I  
BI 
B I  
B I  
B I  
B I  
B I  
B I  

a 1  

0 .o 

0.0 
0.0 

0.0 
c.cc25 + c.ccc75 

C.0069 + O.CC207 
C.024 + 0.C072 

G.0012 + O.CGC36 

23  

23  
2 3  

2 3  
0 .o 

0.0 
0.0 

0.0 
c.cc27 + c.cccai 

C.CI3 + O . C C 3 F  
C.C50 + @.GI5 

c.cco3 t 0.cccc9 

23  

23  
23  

23  
0 .o 

0.0 
0.0 

0.0 
O . O C 1 5  + O.CCC45 

G.0065 + OitC195 
C.C31 + G.CO93 

0.12 + O a r 3 6  

2 3  

2 3  
23  

2 3  
0.0 

0.0 
0.0 

SN ( 
I N 1  
I N (  
IN( 
IN( 
IN( 
I N (  
I N (  
IN( 
I N 1  
IN( 
I N (  
IN( 
AG ( 

1 5 ;  501 
14, 49)  
14. 491 
149  491 
I 4 r  491 
14, 491 
( 4 1  491 
1 4 1  491 
1 4 1  491 
I l r  491 
1 1 ,  491 
1 1 1  491 
I t r  491 
131 471 

2.5 t 0.75 
O.CC44 + G.CC132 

23  
23  

0.0 
0.0 

0.0 
0.13 + 0.C39 

0.32 + Cot96 
4.9 + 1.47 

0.12 + 0.C36 

2 3  

23 
23  

23  
0 .o 
0.0 
0.0 

1.2 + 0.36 
C.28 i O.Ce4 

2 3  
23  

D.0 
0.0 

0.0 

AGii13. L i i  
AG(113. 471 
A G ( 1 1 3 r  471 
AG(113. 471 
AG(113r 471 

1.5 + G.45 

1.7 + 0.51 

23 

2 3  
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INC. 
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
.P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET 
NUCLEUS 

RESIDUAL 
NUCLEUS 

ENERGY 
( M E V I  

A G ( l l 3 r  471 
A G ( 1 1 3 ,  471 
A G O 1 2 r  47)  
A G ( 1 1 2 *  471 
A G ( 1 1 2 1  471 
A G ( 1 1 2 .  47)  
A G ( I I 2 v  471 
A G ( 1 1 2 1  471 
A G ( 1 1 2 9  471 
A G ( 1 1 2 ,  471 
A G ( l l l t  471 
A G ( I I I ,  471 
A G ( I I  I 1 471 
A G ( l l l r  471 
A G ( I I I ,  471 
A G ( I l l ,  471 
A G ( I I I 1  47)  
A G ( l l l r  471 
PD(II2v 4 6 )  
P D ( 1 1 2 s  461 
PD(IO9t 461 
PD(IO9, 461 
PD(103r 461  
PD(1031 461 
P D ( I O O 1  4 6 1  
P D ( l 0 0 t  4 6 )  
N B (  961 4 1 1  
N B (  96 ,  4 1 1  
N B (  961 4 1 )  
N B (  961 4 1 1  
NB(  961 4 1 1  
N B (  961 4 1 1  
N 8 (  961 4 1 1  
N B (  961 4 1 1  
N B (  951 4 1 1  
N B (  959 4 1 1  
N B (  951 4 1 1  
N B (  951 4 1 1  
NB(  951 4 1 1  
N B (  951 4 1 )  
N B (  951 411 
NB( 951 4 1 1  
N B (  951 4 1 1  
NB( 951 4 1 1  
N 8 (  951 4 1 1  
N B (  951 4 1 1  
R B (  861 371 
R 8 (  861 371 
B R (  8 4 1  351 
B R (  B C t  35)  
B R (  841 35)  
B R (  841 351 
B R (  831 351 
B R (  831 351 
B R (  831 351 

373.0 
400.0 

75.0 
77.0 
90.0 

120.0 
155.0 
184.0 
373.0 
400.0 

75.0 
77.0 
90.0 

120.0 
155.0 
184.0 
373.0 
400.0 
155.0 
192.0 

192.0 
155.0 
192.0 
155.0 
192.0 
75.0 
77.0 
90.0 

120.0 
155.0 
184.0 

400.0 
75.0 

155.0 

373.0 

75.0 
77.0 
90.0 

120.0 
120.0 
155.0 
184.0 
t84.0 
373.0 
373.0 
coo. 0 
155.0 
184.0 
75.0 
77.0 
90.0 

120.0 
75.0 
77.0 
90.0 

SIGMA ( M a l  
EXP ER IMEN 1 Cd L CU L AT E 0 

REF 

0.0 

0 .o 
0.0 

0 .o 

0 .o 

0.0 
0 .o 

0.0 

0.0 
0 .o 

0.0 

0.0 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 
0.0 

0.0 

0.0 
0 .o 

0.0 
0 .o 

1.1 + 0.33 

0.12 t 0.036 

0.69 + 0.207 

C.89 t 0.267 

C.35 t 0.105 

1.9 + 0.57 

1.7 t 0.51 

2.4 t 0.72 
3.1 t 0 . 9 3  

0.12 t 0.036 

0.48 t 0.144 

@.COP t O.CC27 

0.C16 + C.CO48 
C.C26 t O.C07@ 

0.70 + 0.21 

2.3 t 0.69 
4.1 t 1.23 

C.017 t O.ELl51 
C . C l 2  t O.CO36 

0.14 t 0.042 
0.079 t 0.0237 

0.9 + 0.27 
0.45 t 0.135 

2.7 t O . @ l  
C.81 t 0.243 

C.C53 t O.tl59 
C.023 t 0.C069 

0.19 t 0.057 
c.c54 t O . t l C 2  

0.0 
0.0 

23 

23 

23 

23 
23 

23 

23 

23 
23 

23 

23 

23 

23 
23 

23 

23 
23 

23 
23 

23 
23 

23 
23 
23 
23 

23 
23 

23 
23 
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SIGMA ( M E )  
CALCULATED EXPERIMENT 

REF INC. 
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET 
NUCLEUS 

RE SI DUAL 
NUCLEUS 

ENERGY 
( MEV ) 

B R (  83, 35) 
B R (  831 35) 
8 R (  831 35) 
B R (  83, 35) 
B R (  831 35) 
B R (  82, 35) 
B R (  821 35) 
B R (  821 35) 
B R (  821 35) 
B R I  821 35) 

B R I  8 2 1  35) 
8 R (  821 351 
B R f  80. 35) 
B R (  80, 351 
B R (  801 35) 
8 R (  80, 35) 
A S (  77, 33) 
A S (  77, 33) 
A S (  771 33) 
A S (  771 33) 
AS(  771 3 3 )  
A S (  77, 331 
A S (  771 331 
A S (  771 33) 
A S (  761 33) 
AS(  76, 33) 
A S (  761 33) 
A S (  76, 33) 
A S (  76, 331 
A S (  761 33) 
A S (  741 33) 
A S (  74, 33) 
A S (  74, 33) 
A S (  741 33) 
A S (  74, 33) 
A S (  741 33) 
A S (  741 33) 
A S (  741 33) 
C U (  671 29) 
C.U( 671 29) 
C U (  671 29) 
C U (  671 291 
C U (  67, 29) 
CU( 671 29) 
C U (  64, 29) 
CU( 641 29) 
C U (  641 29) 
CU( 649 29) 
CU( 6 4 1  29) 
CU( 641 29) 
C U (  61 ,  29) 
C U (  6 1 1  29) 
C U (  61, 291 
NP(23Br 93) 

B R (  82, 35) 

120.0 
155.0 
184.0 
373.0 
400.0 
75.0 
77.0 
90.0 
120.0 
155.0 
184.0 
373.0 
400.0 
155.0 
184.0 
373.0 
400.0 
75.0 
77.0 
90.0 

120.0 
155.0 
184.0 
373.0 
400. 0 
90.0 

120.0 
155.0 
184.0 
373.0 
400.0 
75.0 
77.0 
90.0 

120.0 
155.0 
184.0 
373.0 
COO. 0 
90.0 

120.0 
155.0 
184.0 
373.0 
400.0 
90.0 
120.0 
155.0 
184.0 
373.0 
400. 0 
90.0 
120.0 
155.0 
340.0 

0.0 
0.45 + 0.135 

0.98 + 0.294 
1.6 + C.48 

C.GCZZ + O.CCC99 

23 

23 
23 

23 
0.0 

0.0 
0.0 

0.0 
2C9, 83) 
2C9, 831 
2C91 83) 
2C9r 831 
2C9, 831 
2C9, 83) 
2C9, 83) 
2C9, 83) 
2C9, 83) 
2C9, 83) 
2C9, 83) 
2C9, 83) 
2C9, 831 
2C9, 83) 

2C9. 83) 

2C91 831 
2C91 83) 
2C9, 831 
2C9r 831 
2C9, 831 

2C9, 83) 
2C9r 83) 
2C91 83) 
2C9, 83) 
2C91 83) 
2C91 83) 
2C91 83) 

2C91 831 
2C9, 83) 
2C91 831 
2C9, 83) 
2C91 83) 
2091 831 
2C9, 83) 
2C91 83) 
2C91 83) 
2C91 831 
2C9, 83) 
2C9, 83) 
2C9, 83) 
2C91 83) 
2C91 83) 
238, 921 

2C9, 83) 

2C9, 831 

2C9, 83) 

2C9, 83) 

c.13 + 0.C3F 

0.76 + 0.228 
1.5 t 0.45 

8 1  
B 1  
B I  
BI 
BI 
B I  
B I  
8 1  
B I  
8 1  
B I  
B I  
B I  
B I  
B I  
B I  
8 1  
B I  
B I  
81  
B I  
B I  
8 1  
B I  
B I  
B I  
B I  
BI 
B I  
B I  
B I  
BI 
B I  
B I  
B I  
B I  
B I  
B I  
B I  
BI 
8 1  
B I  
B I  
B I  
8 1  
B I  
1 

23 

23 
23 

0.0 
0.0 

0.63 t 0.189 
1.8 + 0.54 

c.c74 + 0.c222 

23 
23 

23 
0.0 

0.0 
0.0 

0.0 
0.47 + 0.141 

1.6 + 0.48 
2.2 + 0.66 

23 

23 
23 

0.0 
0.0 

0.0 
0.24 + 0.t72 

0.71 + 0.213 
2.3 + 0.69 

c.008 + C.CGZ~ 

23 

23 
23 

23 
0.0 

0.0 
0.0 

0.0 
C.041 + 0.C123 

0.19 + 0.C57 
0.69 + 0.2C7 

23 

23 
23 

0.0 
0 .o 

0.0 
C.038 + C . C l 1 4  

0.12 + 0.036 
0.41 + 0.123 

23 

23 
23 

0 .o 
0 .o 

0.0 
0.0059 + C.CO177 

G.036 + O . G I C @  
0.11 + 0.031 

23 

23 
23 

0.0 
0.0 

0.0 
0.003C + O.EOC90 

0.46 + 0.C5 

23 

23 



. . . _  

40 

INC. 
P A R T  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET 
NUCLEUS 

RESIDUAL 
NUC LE US 

NP(238. 93) 
NP(2361 93)  
NP(2361 93) 
NP(236r 931 
NP(236r 93)  
NP(2361 931 
NP(236r 931 
NP(236r 93) 
N P ( 2 3 6 ~  931 
NP(236r 93) 

U1237r 92)  
U(237. 92)  
U(2371 921 
U(2371 92 )  
U(237. 921 
U(237r 921 
U(232s 921 
U ( 2 3 2 1  9 2 )  
U1230r 92)  
U(230r 921 
U(2301 921 
U(23o i  92)  
U(2301 92)  
U(230r 92)  
U(230r 92)  
Ut2291 92 )  
U(229, 92 )  
U(2291 921 
U(229v 921 
U1229r 921 
U(229r  921 
Ut2291 92)  
U(228r  92) 
U ( 2 2 8 r  92)  
U ( 2 2 8 1  921 
U(228, 92)  
U(228r  92)  
U ( 2 2 8 r  92)  
U ( 2 2 8 r  921 

PA(2351 91)  
PA(235. 911 
PA(235r 91)  
PA(235i  91) 
PA(2351 91)  
PA12351 91)  
PA(232, 911 
PA(232 i  91)  
PA(2301 91)  
PA(2301 91) 
PA(230, 911 
PA(2301 911 
PA(230r 91)  
PA(230. 91)  
PA(2301 91 )  
PA(230i  91)  

ENERGY 
( UEV 1 

350.0 
50.0 .~ ~ 

55.0 
80.0 

100.0 
120.0 
150.0 
340.0 
340.0 
350.0 
100.0 
150.0 
200.0 
300.0 
340.0 
350.0 
340.0 
350.0 
100.0 
150.0 
200.0 
250.0 
300.0 
340.0 
350.0 
100.0 
150.0 
200.0 
250.0 

350.0 
I O O . 0  
150.0 
200.0 
250.0 
300.0 
340.0 
350.0 
100.0 
150.0 
175.0 
250.0 
340.0 
350.0 
340.0 
350.0 
100.0 
150.0 
190.0 
200.0 
250.0 
270.0 
340.0 
350.0 

S I G M A  ( U B I  
C AL CU L AT E 0 EXP ER I MEN 1 

3.94 
84.04 

40.97 

27.58 

14.44 
95.60 

80.76 
82.07 

68.28 

63.03 

23.64 
75. I I 
48.59 
38.08 
35-02 
39.39 

22.32 
78.79 
51.21 
45.96 
45-52 
30.20 

35.45 
70 38 
54.50 
48.59 
34. I 4  
42.02 

30.20 
7.88 
8.54 

14.01 

2.63 

9. I 9  
10.51 
11.16 

13.13 
10.51 

10.51 

5.0 + 1.0 
4.@ + 1.c 

2.5 + 0.5 
2.6 + 0.5 
1.7 + 0.1 

12.0 

93.0 
73.0 
67.5 
81.0 
e5.0 

(4.0 

0.41 + 0.03 
C.67 
C.41 
c.40 
c.34 

c.35 + 1.2 

0.C46 
C . I I  
c.10 

0.C69 
0.C56 

0.C6C + O.CO.5 

O . C l 2  
0.C46 
0.C30 

0.C32 
0.C37 

C.038 + 0.002 

5.7 + 0.5 

7.3 + 0.5 
15.1 + 0.2 
2 I . C  + 2.c 

8.7 + 1.c 

1.5 + 0.2 
3.7 
3.6 

4.8 + 0.4 
5.1 + 0.5 

REF 

29 
29 

29 
29  
23 
23 

23 
23 
23 
23 
23 

23  

23 
23 
23 
23 
23 
23 

23 
23 
23 
23 
23 
23 

23 
23 
23 ~~ 

23  
23 
23 

23 
23 
23 
23 
23 

23 

23 
23 
23 

23 
23 
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INC. 
P A R T  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET RESIDUAL ENERGY 
NUCLEUS NUCLEUS (HEV ) 

340.0 
350-0 
100.0 
150.0 
200.0 
250.0 
300.0 
340.0 
350.0 
100.0 
150.0 
190.0 
200.0 
300.0 
340.0 

100.0 
150.0 

200.0 
250.0 
270.0 
340.0 
350.0 
100.0 
150.0 

200.0 
340.0 
350.0 
100.0 
150.0 
190.0 
200.0 
250.0 
270.0 
340.0 

340.0 
350.0 
340.0 
350.0 
100.0 
150.0 
(90.0 
200.0 
250.0 
270.0 
340.0 
350.0 
100.0 
150.0 
190.0 
200.0 
250.0 

350.0 

I 90.0 

I 90.0 

350.0 

S I G M A  ( M E )  
CALCULATE 0 EXPERIMENT 

15-74 
0 .o 

I5.10 
19.04 
18.38 
15-76 

23.64 
0.0 
0.66 

0.66 
1-31 

1-31 

I e31 

0.66 

I .05 

2.63 

0.0 
0.0 
I .97 

1-31 

5.25 
0.0 
1-31 

2.63 
2.63 

3.94 

1-31 

1-31 
0 .o 
0 .o 

0.66 
0.0 

0 .o 
0.0 
0 .o 

0.66 
0 .O 

1.7 + 0.2 

C.CE6 
C.3C 
C.62 

0.71 t 0.C6 

c.95 + c.1 
I .E 
1 . 1  

2.5 
I.@ t 7.c 

c.5c + 0.c5 
I .C 
1 . 1  

1.7 
2.4 + 0.1 

C.E5 
C.F 
c . 9 5  

2 .9  + 0.9 

0.32 t C . C I  
C . F  
I .5  

2.3 + 0.2 
3.3 + c.4 

2.7 t C.2 

C.62 t C.CB 

c.c21 
c.c7 
C.24 

c .3e  
0.54 t 0.CF 

C.Cl I 
c.cc9 

C.26 

REF 

23 

23 
23 
23 
23 
23 
23 

23 
23 
23 

23 
23 

23 
23 
23 

23 
23 

23 
23 
23 

23 

23 
23 
23 

23 
23 

23 

23 

23 
23 
23 

23 
23 

23 
23 
23 
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INC. 
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET 
NUCLEUS 

RES I DUAL 
NUCLEUS 

6 6 1  70)  
661 70) 
6 6 ,  67)  
661 67)  
6 6 ,  6 6 )  
661 6 6 )  
641 6 5 )  
641 6 5 )  
6 3 1  6 5 )  
631  6 5 )  
6 1 1  6 5 )  
611 6 5 )  
601 6 5 )  
601 6 5 )  
591  64)  
59. 64)  

ENERGY 
( MEV ) 

270.0 
340.0 

340.0 
350.0 
340.0 

350.0 

350.0 
340.0 
350.0 
100.0 
150.0 
200.0 
250.0 
270.0 
340.0 
350.0 
340.0 
350.0 
340.0 
350.0 
200.0 
340.0 
350.0 
200.0 
340.0 
350.0 
200.0 
340.0 
350.0 
340.0 
350.0 
340.0 
350.0 
3401 0 

340.0 
350 0 
150.0 
170.0 
150.0 
70.0 
50.0 
70.0 
50.0 
70.0 
50.0 
70.0 
50.0 
70.0 

100.0 
150.0 
170.0 
200.0 
250.0 
300.0 

350.0 

SIGMA ( M e 1  
C AL CUL ATE0 EXPERIMENT 

REF 

1-31 

0.0 

0.0 

0.0 
0 .o 
0.0 
0 .o 
0.0 

0 .o 

0.0 

0.0 
0.0 

0.0 
0 .O 

0.0 
0.0 

0.0 

0.0 

0.0 

0.0 

0 .o 
0 .o 

0 .o 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 

0.0 
0 .o 
0.0 

t.4 I 
0.62 + C . 1 3  

I .CS t C - C S  

c.c43 

0.26 + 0.C2 

C.Cl7 
C.C9 
C.26 

c.44 
C.58 t 0.18 

2.8 

0.48 t 0. I I 

C .C8  
I .2 

C.17 
1.7 

1.1 
1.6 

C . C I  

C.7 

c.cs 

C.4 

0.05 + 0.c2 

0.10 t 0.C4 

c.3 t 0.1 

C.4 t 0.3 

C.45 t 0 . l C  

c.9c 

c.54 
O.S@ + 0.Ce 

C.46 
c.47 

c.89 

C.42 

23 
23 

23 

23 

23 

23 
23 
23 

23 
23 

23 

23 

23 
23 

23 
23 

23 
23 

23 

23 

23  

23 

23 

23 

23 

23 

23 

23 
23 
23 
23 
23 
23 
23 
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I N C .  
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGE T 
NUCLEUS 

RES I DUAL 
NUCLEUS 

5 6 ,  621 
53, 62) 
5 3 1  62)  
531  6 2 )  
5 3 1  62) 
5 3 1  62) 
5 3 1  62)  
5 3 1  62) 
53s 62)  
5 3 1  62 )  

PM 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1491 6 1 )  
1 4 9 s  6 0 )  
1491 6 0 )  
1471 6 0 )  
147, 6 0 )  
1 4 7 9  601 
IO71 6 0 )  
1 4 7 1  6 0 )  
1471 6 0 )  

ENERGY 
MEV ) 

340.0 

50.0 
70.0 

100.0 
150.0 
200.0 
250.0 
300.0 
340.0 
340.0 
350.0 
150.0 
170.0 
340.0 
350.0 
50.0 
7 0 . 0  

100.0 
150.0 
200.0 
250.0 
300.0 
340.0 
340.0 
350.0 
150.0 
170.0 
150.0 
1 7 0 . 0  
150.0 
170.0 
150.0 
170.0 
50.0 
70.0 

100.0 
150.0 
200.0 
250.0 
300.0 
340.0 
340. 0 
350.0 
150.0 
200.0 
250.0 
300.0 
340.0 
340.0 
350.0 
1 5 0 . 0  

50.0 
7 0 . 0  

350.0 

1 7 0 . 0  

S I G M A  ( M E )  
CALCULATED EXPERIMENT 

0 .o 
0.0 

0.0 
0.0 
0.0 
0.0 
0 .o 

0.0 
0 .o 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0 .o 
0.0 

0 .o 

0.0 

0 -0 

0.0 

0 .o 
0 .o 
0.0 
0.0 
0 .o 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0 .o 

c.40 

I .22 
I .-‘I 
c.93 
C.86 
C.92 
1.12 
2.8 
I .22 

0.47 + 0.C7 
I .2 

4.6 
4.4 
3. I 
2.6 
2.6 
2.4 
4.5 
2.c 

2.e + 0.4 

1.1 + 0.3 

5.4 + 0.8 

5.6 + 0.0 

17.0 
18.0 
12.0 
11.3 
11.4 
I C . 8  
9.7 
33.0 

c.7 
3.4 
7. I 
13.0 
17.0 
4.2 

l2.C + 2.c 

C.36 

R E F  

23 

23 
23 
23  
23 
23 
23 
23 
23 

23 
23 

23 
23  
23  
23 
23 
23  
23  
23 

23  

23 

23 

23  

23  
23  
23 
23 
23  
23  
23 
23 

23 
23  
23  
23 
23 
23 

23  

23  
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INC. 
P A R T  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGE 1 
NUCLEUS 

RES1 DUAL 
NU(: LEUS 

ENERGY 
( M E V )  

100.0 
150.0 
200.0 
250.0 
300.0 

340.0 
350.0 
150.0 
170.0 
340.0 
350.0 

50.0 
70.0 

100.0 
150.0 
200.0 
340.0 
350.0 

50.0 
70.0 

100.0 
150.0 
200.0 
250.0 
300.0 
340.0 
350.0 

50.0 

100.0 
150.0 
200.0 
340.0 
350.0 
150.0 
170.0 
50.0 
70.0 
100.0 
150.0 
200.0 
250.0 
300.0 
340.0 
340.0 
350.0 
150.0 
170.0 
340.0 
350.0 
150.0 
170.0 
340.0 
350.0 

340.0 

ro .0  

S I G M A  ( M a )  
CALCULATED EXPERIMENT 

REF 

0.0 
0.0 
0.0 
0.0 
0.0 

2. I 
2.c 
I e9 
2.2 
2.3 
13.0 
1.9 

23 
23 
23  
23 
23  
23  
23 

43, 59) 
43, 59) 
43, 59) 
43. 59) 
43, 59) 
42, 59) 
42, 59) 
429 59) 
429 59) 
4 4 9  5 8 )  
44,  5 8 )  
4 4 ,  5 8 )  
4 4 ,  5 8 )  
44, 5 8 )  
44, 5 8 )  
44, 5 8 )  

PR ( 
PR f 
PR ( 
PR ( 
PR I 
PR 
PR ( 
PR ( 
PR ( 
CE ( 
CE ( 
C E  
CE ( 
CE ( 
CE t 
CE ( 

0.0 
0.0 

23 
23  

1.6 + 0.2 
7.e 

0.0 
0.0 

0.0 
0 .o 
0.0 

0 .o 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0 .o 
0.0 
0.0 

0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

3C.O 
2e.c 
18.0 
17.0 
14.0 

23  
23  
23 
23 
23 

23 
23 
23 
23 
23  
23 
23 

36.0 
31 -0 

21.0 
21.0 
23.0 
2c.0 

22.0 

49.0 

36.0 

31.0 

51.0 

36.0 

23 
23 
23 
23 
23  

2C.4 + 5.0 

e.6 
e.6 
7.9 
6.2 
7.3 
7.c 
11.0 
5.5 

23 

23  
23 
23  
23 
23 ~~ 

23  
23 
23 

0.0 
0.0 

2I.C + 2.c 
23.0 

23 
23 

0.0 
0.0 

25.c + 2.c 
43.0 

23 
23 

0.0 
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INC. 
PAR7 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
2 
P 
P 
P 
P 

TARGET 
NUCLEUS 

U(238r  921 
U(238r  921 
U t2381  921 
l i ( 2 3 8 r  92 )  
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  92 )  
Ut2389 921 
Ut2389 921 
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  921 
Ut2389 921 
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  92 
Ut2389 92 
U t2381  92 
U(238r  92 
U(238r  92 
U(238, 92 
U l 2 3 8 r  92 
Ut2389 92 
Ut2389 92 )  
U l 2 3 8 r  921 
U(238r  921 
U(238r  921 
U(238r  92)  
U(238r  921 
U(238r  921 
U(238r  921 
U(238r  92)  
U(238r  921 
l j ( 2 3 8 r  921 
U(238r  921 
U(238r  921 
U(238r  921 
Ut2389 92)  

RES I DUAL 
NUCLEUS 

BA(135r  561 
BA(135r  56 )  
CS(136r  551 
CS(136r  551 
CS(136r  551 
CS(136r  5 5 )  

I ( 1 3 4 r  531 
I ( 1 3 3 r  531 
I t 1 3 3 9  531 
I t 1 3 2 9  531  
I ( 1 3 2 r  531 
I ( 1 3 1 r  531 
I ( 1 3 1 r  531 
I ( 1 3 1 r  531 
I ( 1 3 0 r  531 
I ( 1 3 0 r  531 
I t 1 2 8 9  531 
I ( 1 2 8 r  531 
I t 1 2 6 9  5 3 )  
I ( 1 2 6 r  531 
I ( 1 2 4 r  531 
I ( 1 2 4 r  531 

TE(134r  521 
TE(134r  521 

I ( 1 3 4 ,  531 

TE(132r  52 
TE(132r  52 
T E l 1 3 2 r  52 
TE(131r  52 
T E ( 1 3 l r  52 
T E ( 1 3 l r  52 
T E ( 1 3 l r  5 2  
TE(131r  52 
S B ( 1 3 l r  51 
S8(131, 51 
SB(127r  511 
SB(127r  511 
S B ( 1 2 4 r  511 
S B ( l 2 4 r  5 1 )  
C D ( I I 5 r  4 8 )  
CD ( I 
C D ( I  
AG ( I 
A G ( I  
A t  ( I 
AG ( I 
AG ( I 
A G ( I  
P D l l  

5 r  481 
5 1  481 
7 1  471 
79 471 
1 1  471 
I r  471 
Or 471 
Or 471 
2 r  461 

P D ( I I 2 r  461 

P D ( l l 2 r  461 
P D ( I I I r  461 
P D ( l l l r  461 
PD( IO9r  461 

P D i i i 2 r  46; 

ENERGY 
( UEV 1 

I50.0 
170.0 
150.0 
170.0 
340.0 
35000  
150.0 
170.0 
I50.0 
170.0 
150.0 
170.0 
I50.0 
170.0 
170.0 
150.0 
170.0 
150.0 
170.0 
150.0 
170.0 
150.0 
170.0 
150.0 
170.0 
I50.0 
170.0 
170.0 
150.0 
170.0 
170.0 
3 4 0 0 0  
350.0 
150.0 
170.0 
I50.0 
170.0 
150.0 
170.0 
340.0 
340.0 
350.0 
340.0 
350.0 
150.0 
170.0 
150.0 
170.0 
150.0 
170.0 
300.0 
350.0 
340.0 
350.0 
340.0 

SIGMA tMB1 
CALCULATEC EXPERIMENT 

0.0 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 

0 .o 

0 .o 

0 .o 

0 .o 

0 .o 
0 .o 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 

0 .o 
0.0 

0 .o 

0.0 

0 .o 

0.0 

6.0 + 0.9 

13.C i 1-13 
5.9 

1 I . C  i 2.c 

1e.c + 2.c 

16.C t 4.C 

31.C + 7.C 
24.C + 2.C 

12.7 t 2.C 

9.4 t 0.2 

5.2 + 0.1 

1.1  i 0.2 

9.0 i 2.c 

l9.C t 5.C 
9.C t 0.6 

3.0 t 1.c 
7.9 t 3.c 

5.9 

7.9 t 3.c 

19.C t 6.C 

2.2 + c.3 
12.c 
34.0 

4e.5 

53.c + 44.c 

2.c t 1.c 

5c.c + 12.c 
5.2 

39.0 

4.5 

REF 

2 3  

2 3  
2 3  

2 3  

2 3  

2 3  

2 3  
2 3  

2 3  

2 3  

2 3  

2 3  

2 3  

2 3  
2 3  

2 3  
2 3  
2 3  

2 3  

2 3  

2 3  
2 3  
2 3  

2 3  

2 3  

2 3  

2 3  
2 3  

2 3  

2 3  
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INC.  TARGET RESIDUAL 
PART N UC L E US NKLEUS 

ENERGY 
( M E V  1 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

353.0 
150.0 
170.0 
340.0 
350.0 
150.0 
170.0 
150.0 
170.0 
340.0 
350.0 

50.0 
70.0 
100.0 
150.0 
200.0 
250.0 
300.0 
340.0 
350.0 
150.0 
170.0 
150.0 
170.0 
170.0 
I50.0 
170.0 
150.0 
170.0 
170.0 
100.0 
150.0 
200.0 
250.0 
300.0 
340.0 
350.0 
150.0 
170.0 
50.0 
70.0 
100.0 
150.0 
200.0 
200.0 
250.0 
300.0 
340.0 
350.0 

50.0 
70.0 

100.0 
150.0 
250.0 
300.0 

SIGMA ( M E )  
CPLCUL AT EC EXPERIMENT 

R E F  

0.0 
0.0 

0 .o 
0.0 

0.0 

0.0 
0.0 

0 .o 
0.0 
0.0 
0.0 
0 .o 

0 .o 
0.0 

0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0 .o 

0.0 
0 .o 

0.0 

0.0 
0 .o 
0.0 
0.0 
0 .O 
0.0 

0.0 
0.0 

0 .o 
0 .o 
0 .o 
0.0 

5c.c t 12.c 
52.0 

56.C + 7-C 

43.0 t 12.C 
42.C 

71.0 
6 F . C  
55.0 
53.0 
58.0 
62.0 
59.0 

9.C t 0.9 

3.8 t c.2 
2.7 t 0.6 

0.47 t 0.C6 

32.C t 6.C 
33.c + 3.c 

49.0 
39.0 
38.C 
3e.c 
38.0 
3e.o 

11.9 t 2.C 

27.0 
3c.c 
27.0 
26.0 
3.7 
37.0 
37.0 
32.0 

c.c2 
0.1 I 
c.15 

3.9 
3.e 

23 
23  

23  

23 
23 

23 
23 
23 
23 
23 
23 
23 

23 

23 
23 

23 

23  
23 
23 
23 
23 
23  
23  
23 

23 

23 
23 
23 
23  
23 
23 
23 
23 

23 
23 
23 
23 
23 
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INC.  
PART 

TARGET R E S I D U A L  
NUCLEUS NUC LE US 

ENERGY S IGMA ( M E )  
( MEV CALCULATE 0 EXPERIMEN T 

R E F  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 

II( 238 1 

U( 2381 
U( 238 1 

U( 2381 
U( 2381 
U( 2381 
U( 2381 
b( 238 1 

U( 2381 
U( 2381 
Ut  238 1 

U( 2381 
U( 2381 
L'( 238 1 

U( 238 9 

IJ( 238 1 

Ut 238 1 

U( 238 9 

U(238r  
U( 238 1 

U( 2381 
U( 238 1 

U( 2381 
U( 2381 
b l  238 1 

U( 2381 
U( 238 1 

U( 2381 
U( 238 1 

U( 2381 
U( 238 1 

U( 2381 
U( 2381 
U( 2381 
U( 238 1 

U ( 2 3 8 ,  
U( 2381 
U(238r  
U( 238 1 

U( 2381 
U( 2381 
U( 2381 
U( 2381 
U( 2381 
U( 2381 
U( 238 1 

U( 238 9 

U( 2381 
U( 2381 
U( 238 1 

V (  238 1 

U( 238 1 

U( 238 1 

U( 2381 
U( 238 1 

9 2 )  Y (  9 0 1  3 9 )  
9 2 )  Y (  9 0 ,  3 9 )  
9 2 )  SR( 921  3 8 )  
9 2 )  S R (  921  3 8 )  
9 2 )  SR( 921 3 8 )  

9 2 )  S R (  911  3 8 )  
9 2 )  S R (  9 1 1  3 8 )  
9 2 )  S R (  911 3 8 )  
921 S R (  911  3 8 )  
9 2 )  S R I  9 0 1  3 8 )  
9 2 )  S R (  9 0 ,  3 8 )  
9 2 )  S R I  901  3 8 )  
9 2 )  S R (  8 9 1  3 8 )  
9 2 )  SR(  8 9 1  3 8 )  
9 2 )  SR(  891  381 
9 2 )  S R (  891  3 8 )  
921 E R (  861 3 7 )  
9 2 )  8 R (  861 371 
9 2 )  R B (  8 6 1  371 
921 R E (  861 371 
9 2 )  B R (  8 4 1  3 5 )  
9 2 )  B R (  8 4 1  3 5 )  
9 2 )  8 R (  8 3 1  3 5 )  
9 2 )  B R (  8 3 1  3 5 )  
921 B R (  8 3 1  3 5 )  
921 B R (  8 3 .  3 5 )  
9 2 )  B R I  831  3 5 )  
9 2 )  B R I  8 2 1  3 5 )  
9 2 )  8 R (  8 2 1  35) 
9 2 )  B R (  801 3 5 )  
9 2 )  BR(  801 351 
9 2 )  SE( 831  341 
921 SE( 8 3 1  341 
9 2 )  SE( 811  341 
9 2 )  S E (  8 1 1  3 4 )  
9 2 )  AS(  7 8 1  3 3 )  
9 2 )  A S (  789  331 
9 2 )  A S (  7 7 1  331 
9 2 )  A S (  7 7 1  3 3 )  
9 2 )  A S (  7 7 1  3 3 )  
9 2 )  A S (  7 6 1  331 
9 2 )  A S (  7 6 1  3 3 )  
9 2 )  A S (  7 6 1  331 
9 2 )  A S (  7 6 1  3 3 )  
9 2 )  A S (  7 6 1  3 3 )  
9 2 )  A S (  7 4 1  3 3 )  
9 2 )  A S (  7 4 1  331 
9 2 )  G E (  7 8 1  3 2 )  
9 2 )  G E (  7 8 1  3 2 )  
9 2 )  G E (  7 7 1  3 2 :  
921 G E (  7 7 1  3 2 )  
9 2 )  G E (  7 3 1  3 2 )  
9 2 )  G E (  7 3 1  3 2 )  
9 2 )  G A (  7 2 1  321 

9 2 )  S R (  9 2 ,  381 

340.0 
350.0 
150.0 
170.0 
340.0 
350.0 

170.0 
340.0 
350.0 

170.0 
170.0 
150.0 

340.0 
350.0 
150.0 

340.0 
350.0 
340.0 

150.0 

150.0 

170.0 

170.0 

350.0 
150.0 

170.0 
170.0 

340.0 
350.0 
340.0 
350.0 

350.0 
340.0 
350.0 

350.0 
150.0 
170.0 
150.0 
170.0 
170.0 
150.0 

170.0 
340.0 
350.0 

170.0 
150.0 
170.0 
150.6 
170.0 
150.0 
170.0 
150.0 

340.0 

340.0 

170.0 

150.0 

7.2 2 3  
0.0 
0.0 

6.2 
4c.0 

2 3  
2 3  

0.0 
0.0 

35.c 4 4.c 
38.0 

2 3  
2 3  

0.0 
0.0 

31.c t 2.c 
23.c + 1.c 

31.c t 2.c 
35.0 

2 3  
2 3  

0.0 
2 3  
2 3  

0.0 
0.0 

2.3 t 0.2 
13.8 

3.3 

2 3  
2 3  

2 3  
0.0 

0 .o 
0.0 

5.0 t 0.9 
c . r7  t 1.2 

3.E 

I .57 

c.35 

5.  I 

1.5 

2 3  
2 3  
2 3  

2 3  

2 3  

2 3  

2 3  

0.0 

0.0 

0 .o 

0 -0 

0 .o 
0 .o 

0 .o 
2.5 + 1.C 

5.2 t 0.6 
4.5 + 0.6 

C.6 + C.2 
C.96 t C.16 

c.21 

2 3  

2 3  
2 3  

2 3  
2 3  
2 3  

0.0 

0.0 
0 .o 

0.0 

0 i n  

0 .o 

0.0 

0.C34 + O.CC4 

6.7 + 2.7 

2.9 + 0.4 

1.95 + 0.12 

2 3  

2 3  

2 3  

2 3  
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INC. 
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
P I  - 
P I  - 
P I  - 
P I  - 
P I  - 
P I  - 
P I  - 
P I  - 
P I  - 
P I  - 
P I  - 
P I  - 

TARGET 
NUCLEUS 

RES I DUAL 
NUCLEUS 

ENERGY 
I MEV 1 

170.0 
340.0  
350.0 
150.0 
170.0 
340.0 
350.0 
150.0 
170.0 
150.0 
170.0 
340.0 
350.0 
150.0 
170.0 
340.0 
350.0 
340.0 
350.0 
340.0 
350.0 
350.P 

350.0 

350.0 
370.0 
350.0 

350.0 

24.0 
2 5 . 0  
50.0 
53.0 
80.0 
100.0 
127.0 
150.0 
179.0 
200.0 
212.0 
245.0 
250.0 
300.0 
304.0 

370. D 

370.0 

370.0 

370.0 

SIGMA ( M E )  
c I ~ L  cu L A T E o EXPERIMENT 

0.0 
0.0 

0.0 
0.0 

0 .o 

0 .o 
0.0 

0.0 

0.0 

0.0 
3.3 13.3) 

3.50 (12.31 

0.62  (4.71 

0.21 (1.0) 

0.41 (0.0) 

1401.89 
16.8 + 1.9 

57.08 + 3.6 

84.25 + 5.1 

72.0 + 4.7 

50.33 + 4.4 
45.30 + 4.2 

C.53 + 0.C6 
2. I 

0.96 i 0.16 
2. I 

C.C26 + C.CC2 

+ C.C6 
C.63 

C.80 + C e C 3  
C . 5 6  

c.18 

c.cs 

5 .1  + 2.c 

24.4 

6.8 + 2.4 

3.2 t 2.4 

( 3 . 4 )  
325.0 

1.0 + 1.c 
3a.c + 4.0 

59.c t 5.c 

68.C + 6 . C  

67.C + 6.C 
61.C + 6.C 

41.c + 4.0 

REF 

23 
23 

23  
23 

23 

23 
23 

23 
23 

23 

23 

6 

6 

6 

6 

6 
30 

31 
31 

31 

31 

31 
31 

31 
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